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used. According to the present invention, after that a source region and a drain region are formed, an insulating fifan serving as a 
channel protective film is formed to cover a portion for serving as a channel region, then, an island-like semiconductor film is fonnad. 
»^ Accordingly, a semiconductor element can be manufactured by using only a metallic mask without fanning a re^st m^nk, and so.die 
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DESCRIFnON 

LIGHT-EMTITING DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 



10 



BACKGROUND OF THE INVENTION 

TEC3INICAL ED2LD 

The present invention relates to a semiconductor elemeat using droplet 
discharging as typified by ink jetting, and a method for jnanufacturing the same. Mote 
particulariy, the present invration relates to a semiconductor element that Is used fixr a 
light-emitting device as typified by an electroluminescent display device, and a method 
for manu&cturing the same. 



BACKGROUND ART 

15 In manufacturing a semiconductor element, it has been considered the 

possibilities of using a droplet discharge device for forming a pattern of a thin film or a 
wiring, eadb of which is used for a semiconductor element, to reduce costs for 
equipment and to simplify a manu&ctuiing process. 

In this instance, various wirings sudi as a gate electrode, a scanning Kne, a 

20 signal line, and a pixel electrode for forming a semiconductor element are formed 
according to the procedure, that is, a composite formed by dissolving or dispersing a 
conductive material into a solvent is discharged from a nozzle of a droplet dischai^ 
device above a substrate or a film so that such the various wirings are formed by t^lng 
directly drawn. (See Japanese Unexamined Patent Publication No. 2003-126760). 

25 To manufacture a semiconductor element such as a thin film transistor (TFT) 

tfiat is used for a li^t-emitting device as typified by an active matrix electroluminescent 
' display device, it has been required to establish a stmcture and a process that are most 
appropriate to droplet discharging and that are different from a TFT manufactured by 
conducting repeatedly a film formation process, a patterning process, and an etchiiig 

30 process. It has been required to simplify the structure and thq process of a 
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seinicx>iiductor element manufactured by droplet discharging with the increase in the 
size of a TFT substrate^ for example, a substrate of more than 1 x 1 m or twice or three 
times as largp as that 

Especially in case that a light-emitting element composed of layers containing 
5 organic compounds or inorganic compounds (typically, a light-emitting element 
utilizing electroluminescence) is driven by a TFT, a structure havii^ at least two 
transistors installed with a drive TFT is required to prevent irregularities of ON current 
of a switching TFT provided to a pixel re^on. Accordingly, the simplification of a 
structure and a process for manufacturing a semiconductor elecnent becomes an urgent 

10 task as a laige substrate is frequently used. 

The foregoing light-emitting element is composed of laminated light-emittiQg 
layers containing an organic compoimd or an inorganic compound, each of which has a 
different carrier transporting property, interposed between a pair of electrodes. Holes 
are injected from the electrode and electrons are injected from another electrode. Tlie 

15 light-emitting element utilizes the phenomenon that holes injected from the electrode 
and electrons injected from another electrode are recombined with each other to excite 
an emission center, and excited molecules radiate energy as light while returning to the 
groimd state. FIG. IB shows a circuit structure of a pixel in the case that a 
light-emitting element is formed by stacking layers sequentially. When a 

20 light-emitting element is formed by stacking layers sequentially, a pixel electrode of a 
drive TFT 1602 serves as a hole mjecting electrodeXanode). 

Refermce numeral 1601 in FIG. IB denotes a switching TFT for controlling 
ON/OFF of cuirent flowing in a pixeL As illustrated in FIG. IB, a drain wiring Xor a 
source wiring) of a switching TFT 1601 is connected to a gate electrode layer of the 

25 drive TFT 1602. Since a gate insulating film or a semiconductw layer are presented 
between the g^te electrode layer, and the source or the drain wiring^ereinafter, referred 
to as gate-drain), a gate electrode layer 1609 of the drive llFT 1602 is required to 
connect to a drain wiring 1608 of a switching TFT 1601 via an opening portion 1610 
such as a contact hole (FIG. lA). Accordingly, there has been a problem of a 

30 complicated process and a decrease in throughput and yields. Farther, in case that a 
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light-emittiiig element is formed by stacking layers inversely (in, case that a pixel 
electrode of the drive TFT 1602 senses as an electron injecting electrode ^cathode)) 
(FIG. 2)y similar problem has been arisen. 

In order to solve the foregoing problem, it is an object of the present inventioEQ* 
S to provide a stnictoe of a semiconductor element, which is used fot a light-emitting 
device, and which has proper conditions to be actively fonned by droplet discharging; 
and a simplified method for manufacturing the semiconductor element According to 
the present invention, the high throughput manufacture of a high stable semiconductor 
element over various sized substrates can be realized in high yields for reduced tact time. 
10 can be realized. 

The followings are aspects of the present invention to solve the foregoing 
problms. 

Chie configuration of the present invention provides a light-raiitting devioe, 
which comprises: per pixel of the light-emitting device, at least a semiconducCor 

15 element for switching and a semiconductor element for. drivii^ wherein the 
semiconductor element for switching and the semiconductor element for driving 
element, which comprises: a layer containing titanium or a titanium oxide formed ovear a 
substrate; a gate electrode layer formed over the layei; a gate insulating film formed 
over the gate electrode layer; a semiconductor film fonned over the g^te insulating film; 

20 a soiurce electrode and a drain electrode formed over the semiconductor film; and an 
insulating film formed above a portion serving as a bhannel region in the semiconductor 
film; wherein the source electrode or the drain electrode of the semiconductor element 
for switching is connected to the g^te electrode layer of the semiconductor element for 
driving. 

25 According to one aspect of the present invention, at least a portion provided 

with a gate electrode layer in a substrate is pretreated before fomnng a gate electro^ . 
layer over the substrate. As the pretreatment, the formation of a layer "containing 
titanium, titanium oxide, or the like; the formation of a film fonned by polyinude, 
acryUc, or a material which has a skeleton formed by the bond of silicon (Si) and 

30 oxygen (O), and which includes at least hydrogen as a substituent, or at least one 
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selected from the groiip consisting of fluoride, aikyl group, and aromatic hydrocarbon 
as the substituent; plasma treatment; or the like can be nominated. The plasma 
treatment is preferably conduced in atmospheric pressure. 

Another configuration of the present invention provides the insulatmg Elm is 

5 preferably fonned to have a thickness of 100 nm or more, more prefwably^ 200 nm or 
more, to serve as a channel protecting film. Further, the msulating fflm may be formed 
to have a laminated-layer structure. For example, a bottom layer may be fonned by a 
film that can be formed by CVD or sputtering such as a siUcon nitride film, and a top 
layer may be fonlied by a film that can be fonned by droplet dischargmg, for example, 

10 polyimide, acrylic, or heat resistant resin such as siloxane. Alternatively, both layeis 
may be formed by films that can be fonned by droplet disc h a rg i ng . The 
semiconductor fihn provided with the insulating fpm is preferably fonned to have a 
thinner thickness than that of another semiconductor fihn. Rndiei^ to obtain enouf^ 
large channel mobih'ty, the semiconductor film provided wifli the insulating film is 

15 preferably formed to have a thickness of 5 nm or more, preferably, 10 nm or more, more 
- pref«ably, 50 nm or more. 

More another configuration of the present invention provides a column-Hfce 
conductor (also ref ened to as a pillar, plug, or the like) that is prdimmarily formed over 
. a gate electrode layer of a drive TFT that is required to be provided with a contact hole. 

20 Still more anoth» configuration of the present invention provides a method for 

■ manu&cturing a light-emittmg device having, per pixel of the light-emitting device, at 
least a semiconductor element for switching and a semiconductor element for driving, 
which comprises the steps of. for fonnmg the semiconductor dement for switehing and 
the semiconductor dement for drivmg, formmg a gate electrode layer by dischaig^ a 

25 composite containing a first conductive material ov» a substrata forming a gate 
insulating film over the gate electrode layer; forming a semiconductor film over thegate 
msulating film; forming a semiconductor film containing an impurity elemmt havmg a 
conductivity type over the semiconductor film; forming a source electrode and a drain 
electrode by discharging a composite containing a second conductive mat^ial over the 

30 semiconductor film containing an impurity element having a conductivity type; foiming 
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a source Tegion and a drain region by removing a part of the semiconductor film 
containing an impurity element having a conductivity type using the source electrode 
and the drain electrode as a maisk; forming an insulating film above a portion serving as 
a channel region in the semiconductor film; forming an island-like semiconductor filnr 
5 by removing a part of the semiconductor film using the. source electrode, the drain 
electrode, and the insulating fihn as a mask; wherein a contact hole is formed by 
removing at least a part of the gate insulating film over the gate electrode layer of the 
semiconductor film for driving; and a wiring for connecting the source electrode or the 
drain electrode to the gate electrode layer of another sepiiconductor film by discharging 

10 a composite containing a third conductive material via the contact hole* 

That is, the gate electrode layer is formed by droplet discharging over the 
substrate; the gate insulating film, the semiconductor Gbn, the semiconductor film 
containing an impurity element of a single conductivity type (h^einafiei; sin^e 
conductivity semiconductor film) are stacked by a thin film formation method sudh as 

15 CVD or sputtering; and a source electrode and a drain electrode are formed by droplet 
discharging. Then, the soince region and the drain region are formed by removing the 
exposed single conductivity semiconductor film by etching or the like using the sourde 
electrode and the draia electrode as a mask. And then, an insnlating film capable of 
being formed by droplet discharging or the like is formed thereover to cover to prevent 

20 the portion serving as a channel region of the semiconductor film £rom removing. la 
addition, the insulating film serves as a channel protectu^ film. An island-like 
semiconductor Sim is formed by removing the exposed semiconductor film by etching 
or the like using the source electrode^ the driun electrode, and the insulating film as 
maste. Through the foregoing process, a semiconductor element that iseems like a 

25 channel protective type apparently can be obtained. Moreova; a desired liquid crystal 
display device or a light-emitting device can be obtained by providing a light-emittii|g 
element using a liquid crystal element, organic electroluminescent element, or the lik^ 
and coimecting a pixel electrode to the source electrode or the drain electnxfe* 

According to another aspect of the present invention, at least a pwtion provided 

30 with a gate electrode layer in a substrate is pretreated before disdiaigiiig a oompdsUe 
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containing a first conductive material over the substrate. As the pretreatment, the 
formation of a layer containing titanium, titanium oxide, or the like; the formatioii of a 
jBlm formed by polyimide, acrylic, or a material which has a skeleton formed by the 
bond of silicon (Si) and oxygen (O), and which includes at least hydrogen as a 
5 substituent, or at least one selected from the group consisting of fluoride, alkyl groiq>, 
and aromatic hydrocarbon as the substitiient; plasma treatmen:^ or the like can be 
nominated. The plasma Ueatment is preferably conduced in atniospheric pressure. 

According to more another aspect of the present invention, a source region and 
a drain region are formed; a first insulating film is fom^ed over the source electrode and 

10 the drain electrode by CVD or sputtering a second insulating film is formed over the 
first insulating filTn and above the portion serving as a channel region in the 
semiconductor film; and an insiilating fTlrri serving as a channel protective film 
• formed to have a two-layered structure. The second insulating film serves as not only 
a channel protective film but also a mask for removing a first protective film formed all 

15 over a substrate by CVD or the like. As the first insulating film, an insulating film 
containing silicon, preferably, a silicon nitride film is used. As the second insulatir^ 
film, any insulating film can be used as long as it can be selectively formed by droplet 
disdiargpbag. Preferably, a film formed by polyimide; acrylic or a substance which has 
a skeleton formed by the bond of silicon (ST) and oxygen (O), and which includes at 

20 least hydrogen as a substituent, or at least one selected from the group consisting of 
fluoride, alkyl group, and aromatic hydrocarbon* as the substituent can u^ as the 
second insulating film. The insulating film is not limited to a two-layered structure; 
the filin can be formed to have a three or more-layered structure. 

A substance, which has a skeleton formed by the bond of silicon (Si) and 

25 oxygen (O), and which includes at least hydrogen as a substituent, or at least one 
selected from the group consisting of fluoride, alkyl group, and aromatic hydrocarbon 
as the substituent is referred to as sHoxane based resin. The siloxane based resin is a 
kind of a heat resistant planarized film or a heat resistant interlayer (HRIL) film. 
Hereinaftei; the term *Tieat resistant planarized film", 'Tieat resistant interlayer fibn", 

30 •lieat resistant resin**, or "HRIU^ includes &e siloxane based lesin. 
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As droplet discharging for forxning the conductive xnaterial or the insulating 
fthn, not only ink jetting but also ofGset printing or scxeen-piinting can be used 
dependingon the property of a £3m to be formed. 

Conventionally, a source region and a drain region were formed by etching off 
5 a single conductivity semiconductor film after forming the island-lifce semiconductor 
film. .Accordingly, it was necessary to provide a resist mask when forming an 
island-hTce semiconductor film* On the contrary, according to the present invention, 
after that a source region and a drain region are formed, an insulating film serving as a 
channel protective film is formed to cover a portion ^or serving as a channel region, 

10 then, an island*like semiconductor film is formed. Accordingly, a resist mask is not 
required to be provided, and so the process can be simplified. As discussed above, flte 
present invention provides a novel mpans for forming a semiconductor element by 
combining a method for removing a single conductivity semiconductor film using a 
metallic mask of a source electrode and a drain electirode to fomi a source region and a 

IS drain region, and a method, which is specific to a channel protective type, for forming a 
channel protective film to prevent a channel region firom removii^ According to the 
foregoing configuration of present invention, a semiconductor element <:an ho 
manufactured by using only a metallic mask of a source electrode and a drain electrode 
\yithout using any resist mask. - . 

20 Before discharging a composite containing a. first conductive material over a 

substrate, a pretreatment such as the formation of a titanium oxide O^Qx) or the like 
may be conducted at least over the portion provided with a gate Electrode layer over die 
substrate. Accordingly, the adhesiveness between the substrate and a conductive £3m 
such as the g^te electrode layer formed by droplet dischmging can be improved. 

25 The gate electrode layer of the drive TFT can be connected to the drain 

^ electrode of the switching TFT without forming a contact hole by forming a pillar over 

the gate electrode layer of the drive TFT in connecting the gate electrode layer of die 
drive TFT to the drain electrode of the switching TFT. 

The gate electrode layer of the drive TFT can be connected to the drain 

30 electrode of the switching TFT in accordance with the procedure, that is, a contact hole 
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is fonned by using a wiring fonned by droplet discharging as a mask in connecting the 
gate electrode layer of the drive TFT to the drain electrode of the switching TFT, and 
the contact -hole is filled with conductQn ' 

By forming a semiconductor film provided with the insulating film to have a* 
thinner thickness than that of another semiconductor film, an n-type impurity region t:a]i 
be divided into a source region and a drain region completely. By forming the 
semiconductor film provided with the insulating film to have a thickness of 10 nm or 
. more, enough large channel mobility can be obtained; 

By forming the insulating film to have a thi^:kness of 100 . nin or more, Hbc 
function as a channel protective film can be improved and the channdi region can be 
surely prevented fironi damaging. Accordingly, a stable semiconductor element haviii^ 
high mobility can b^ provided. Further, to obtain the foregoing advanta^ it is 
effective that the insulating film is formed to have a two-lay« structure comjposed of a 
first insulating film and a second insulating film, or three or more layered structure. • 

• • 

DISCIX)SURE OF THE INVENTION 
A light-emitting device according to the present invention and a method fbr 
manufacturing the light-emitting device are explained with reference to FIGS. 3A to 39B. 
FIGS. 3A to 3E show cross-sectional structures of FTG. lA or FIG. 2A taken along line 
X-X' (at the side of a switching TFI), and Y-Y' (at the side of a drive TFI). 

. A so-called photocatal3rtic substance such as titanium or a titanium oxide 
(nOx); polyimide, acrylic; or heat resistant resin such as siloxane is finrned over a 
substrate 100 at least over a portion provided with a gate electrode layer in a substrate 
100. Here, a titanium oxide film 132 is formed. Alternatively, plasma treatment can 
be carried out Such pretreatment results to improve the adhesiveness between the 
substrate 100 and a conductive film (herein gate electrode layers 101 and 102) formed 
by discharging a composite containing a conductive materiaL In case of finmiqg a ' 
titanium oxide, light-transmittance can be improved. The titanium oxide may be 
directly formed, or can be fonned by baldng the conductive Sim afier fonning a 
titanium filin. Besides the titanium or the titanium oxide, a photocatalytic substance 
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such as strontium titanate (SiTiQa), cadmiura selenide (CdSe), potassium tantalate 
(KTaOa), cadmium sulfide (CdS), zirconium oxide (ZrOi), m'obium oxide (Nb205), zinc 
oxide (ZnO), ferric oxide (Fe203), or tungsten oxide (WO3), or the like can be formed* 
The foregoing pretreatment is carried out as much as possible to improve the' 
5 * adhesiveness between the substrate and the conductive film. 

.In case of carrying out the pretreatment with the surface of the substrate 100, a 
gate electrode layer. 101 of a switching TFT and a gate electrode layer 102' of a drive 
TFT are formed by discharging a composite containing a first conductive mat^al above 
the pre-treated portion. Here, the gate electrode layQi ref^ to a layer formed by a 

10 sinj^e layered or- multiple layered conductors including at least a gate electrode porticm 
of a TFT. Hie gate electrode layers 101, 102 are formed by discharging the composite; 
and drying the composite at 100 for three minutes; then, baking the composite under 
nitride or oxide atmosphere at 200 to 350 for 15 to 30 minutes. However^ it is not 
limited to the foregoing condition. 

15 As the first conductive material, various materials depending on the function of 

the conductive filin can be used. As typical examples are silver (Ag), copper <Ca)» 
gold (Au), nidkel ^i), platinum QPt), chrome <Cr), tin (Sn), palladium (Pd)» iridium (SrX 
rhodium (Rh), ruthem'um (Ru), rhenium (Re), tungsten (W), aluminum (AX)p tantalum ' 
(Ih), indium (In), tellurium (Te), molybdenum (Mo), cadmium (Cd), zinc (Zn), iron (Fe), 

20 titaniuni (11), silicon (Si), germanium (Ge), zirconium (Zr), barium (Ba), antimony lead, 
tin oxide antimony, fluoride doped zinc oxide, carbon, graphite, glassy carbon^ lithium, 
berylh'um, natrium, magnesium, potassium, calcium, scandium, manganese, zirconium, 
gallium, niobium, sodium, sodium-potassium alloys, magnesium^pper mixtures, 
magnesium-silver mixtures, magnesium-aluminum mixtures,* magnesium-indium 

25 mixtures, aluminum-aluminum oxide mixtiures, lithium-aluminum mixtures, or the Iflce^ 
or particles or the like such as silver halide, or dispersible nanpparticles; or indium tin 
oxide (TTG) used as a conductive film, zinc oxide (ZnO), ^llium zinc oxide -(GZO) 
composed of zinc oxide doped with gallium, indium tin oxide QZO) composed of 
indium oxide mixed with 2 to 20% of zinc oxide, organic indium, organic tin, titaniimi 

30 nitride, or the like which are used as a conductive film^an be used. 
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Silicon (Si) or silicon oxide (SiOx) may be contained in* the foregoing 
conductive material, especially in case that the foregoing material is used for forming a 
transparent conductive film. For example, a! conductive material composed of ITO 
containing silicon, siHcon oxides, or silicon nitride (hereinafter, ITSO) can be used.' 
Further, a desired conductive film may be formed by stacking layers formed by these 
conductive materials. 

The diameter of a nozzle used for a droplet discharging mcfans is set from 0.1 to 
50 imi (preferably, 0.6 to 26 (im), and the discharge quantity of a composite disch^qged 
from a discharge opening is set from 0.00001 to 50 pi (pteferably; 0.0001 to 10 pQ. 
The discharge quantity is increased with an increase in tihe diameter of a nozzle. A 
subject and a discharge opening of a nozzle are preferably dose to each othor as much ' 
as possible to deliver drops at a desired portion. Hie distance between the subject and 
the discharge opening is preferably set approximately from 0.1 to 2 mm. 

In consideration with the specific resistance value, the composite discharged 
from a discharge opening is preferably formed by dissolving or dispersing a material of 
gold, silver, or copper in a solvent. More preferably, low resistant silver or copper may 
be used. In case of using coppei^ a barrier film is preferably provided togethn as a 
counteimeasure against impurities. As the solvent, esters such as butyl acetate or ethyl 
acetate; alcohols such as isopropyl alcohol or ethyl alcohol; an organic solvent such as 
methyl ethyl ketone or acetone; or the like can be used. As the barrier film in case of 
using copper as a wiring; a substance including nitrogen with an insulating prepay or a- 
conducting property such as silicon nitride, silicon oxynitiidey aluminiun nitride^ 
titanium nitride, or tantalum nitride (TaN) may be used to form the banior film by 
droplet discharging. 

A composite used for droplet discharging has preferably viscosity of 300 
mPa*s or less to prevent desiccation and to be discharged smoothly from a dischai^ 
opening. The viscodty, the surface tension, or the lite of a composite may be 
controlled depending on a solvent or application. As an example, a composite formed 
by dissolving or dispersing ITO, TTSO, organic indium, and oigpnfe tin in a solvent has 
viscosity of from 5 to 50 mPa* s, a composite formed by dissolving or dispersing silver 
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in a solvent has viscosity of from 5 to 20 mPa • s, aiid a composite formed by dissolving 
01 dispersing gold in a solvent has viscosity of from 10 to 20 mPa*s. 

The diameter of a particle of a conductive material is preferably small, 
preferably 0.1 jim or less to prevent clogging and to manufacture a high-definition" 
5 pattern although it depends on the diameter of each nozzle, a desired pattern form, or 
the like. Acomposite is formed by a known method such as an electrolytic method, an 
atomization method, or a wet-reduction method to have a grain diameter of fitim 
approximately 0^ to 10 |jun. In case that the cornposite is formed by a gas evaporatioai . 
method, a nano molecule protected by a dispersing ^gent has a minute diameter of 

10 approximately 7 mn. Further the nano particle whose surfiEice is coveiied by a 
film-forming agent can be stably dispersed in a solvent vwthout a^egation at room 
temperature, which shows just like the behavior of liquid. Therefore, a film-fonniiig 
agent is preferably used. 

Alternatively, a gate electrode layer may be formed by discharging a composite 

15 containing a particle in which a material of a single conductivity type- covered by 
another conductive material. In this instance, a buffer layer is preferably provided 
between both of he conductive materials. For example^ The particle formed by 
covering Cu by Ag may have the structure in which a buffer layer of Nl or NiB (nickel 
boron) is provided between the Co and Ag. 

20 By using actively a gas mixed with oxygen of 10 to 30% in a division pressure 

ratio in a process for baking a composite containing a conductiye material, the 
resistivity of a conductive film for forming the gate electrode layer can be reduced, and 
the conductive film can be formed into a thin and smooth fifan. An outline of the state 
of changes in a conductive film through a process of baking is given with reference to 

25 HGS. 16A to 16a HG; 16A shows the state that nano paste 502 containing a 
conductive material such as Ag is discharged over a glass substrate 500 by a nozzle^Ol. 
The nano paste is formed by dispersing or dissolving a conductive material into an 
organic solvent. Besides, a dispersing agent or thermosetting resin referred to as 
binder is also contained in the organic solvent. Especially, the binder can prevent the 

30 nano paste from being cracked and being unevenly baked. By the (hrying and the 
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baking processes, the organic solvent is evaporated, and a dispersing agent is 
decomposed to be removed, then, the nano paste is cured and contracted due to the 
binder, simultaneously. Accordingly, nano particles are fused with each other to cure 
the nano paste* On this occasion, the nano particles are grown to a size of from several 
5 ten to hundred several ten run, and the adjoining growing nano particles are welded and 
linked together to form- metal chains. On the othor hand, almost the lefi organic 
ingredients (approximately 80 to 90 %) are pushed out to the outside of the metal chains. 
As a result, a conductive film containing metal chains 503 ^d a Blm formed by the 
organic ingredients 504 covering the surface are fonped (FIG. 16B). Jn baking the 

10 nano paste 502 in the presence of nitrogen and oxygen, the film fonned by oiganfc 
ingredients 504 can be removed by the reaction of the oxygen in the gas and carbon, 
hydrogen, or the like contained in the film formed by organic ingredients 504. la case 
that oxygen is not contained in the baking atmosphere, the film formed by organic 
ingredients 504 can be removed by oxygen plasma treatment or the like (FIG. 16C). 

15 As discussed above, the film formed by organic ingredients 504 is removed in 
accordance with the procedure, that is, the nano paste is baked or dried in the presence 
of nitrogen and oxygen, and oxygen plasma treatment is carried out. 11ierefoxe» the 
• conductive film containing metal chains 503 can be formed into a thin and smooth fibn, 
and reduced its resistiviQi^ 

20 Furthei^ a solvent in a composite volatilizes by discharguig the composite 

containing a conductiye material under reduced ^pressure, and so the time ftr tiie 
subsequent heat treatment (drying or baking) can be reduced. 

In addition to the above-mentioned drying and baking process, treatment ftr 
flattening and smoothing the surface can be carried out. As the treatment, CMP 

25 (chenucal mechanical polishing); or a method for flattening the conductive film by 
etching after forming an insulating film having a planarization proper^ over flie 
conductive fhm (referred to as etched back method). 

As the substrate^ a. substrate fonned by an insulator such as a g^ass substrate, a 
quartz substrate, or alumina; a plastic substrate having heat resistance citable of 

30 resisting process temperature in the subsequent treatment or the like can be used, hk 
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this instance, a base insulating film for pieventing impmities from difi[using firom a 
substrate such as a silicon oxide (SiOx), a silicon nitride (SiNx), a silicon oxynitride 
(SiOxNy) (x>y), silicon nitride oxide (SiNxOy) (x>y), or the like, (x, y = 1, 2..,) may 
be formed* Alternatively, a metal such as stainless, or a semiconductor substrate 
provided with an insulating film such as a silicon oxide or a silicon nitride can be used. 

A gate insulating film 103 is formed over the gate electrode layetn The gate 
insulating layer is formed by a film containing a silicon nitride^ a silicon oxide, a silicon 
nitride oxide, or a silicon oxynitride in a single layer or a lammated-Iayer by a tliin film 
forming method such as plasma CVD, sputtering, or .the like. Here, a silicon oxide 
f3m, a silicon nitride film, and a silicon oxide film are formed as- a three-layered 
structue sequentially over a substrate. However, it is not limited to the structure, the 
material, and the method. 

A semiconductor film 104 is formed over the gate insulating film 1(X3. The 
semiconductor film is formed by an amorphous semiconductor a crystalline 
semiconductor, or a semiamorphous semicondupton As these semiconductors, a 
semiconductor film containing silicon, silicon germanium (SiGe), or the like as its main 
component can be used. The semiconductor film can be formed by plasma CVD. 
Preferably the semiconductor film has a thickness of fit)m 10 to 100 iun. 

Among the foregoing s.emiamorphous • semiconductors^ an SAS 
(semiamorphous silicon) is briefly explained Hie SAS can be obtained by grow 
discharge decomposition of a silicide gas. As a typical silicide g^s, SiH4 can be used.' 
Oth» silicide gas such'as Si^H6» SiH2Cl2>^SiHa3, SiCU* SiF4, or the like <:an be used 
Hie SAS can be formed easily by diluting the silicide gas with one kind or a plurality of 
kinds of a rare gas element selected from the group consistiiig of hydrogen, hydrogen 
and helium, argon, krypton, and neon. The dilution rate is preferably in the range of 
from 10 to 1000 times. Of course, a reaction product for forming a film is formed by 
grow discharge decomposition at a reduced pressure in the rai^e of approximately from 
0,1 to 133 Pa. High frequency power of from 1 to 120 MHz, preferably, fiom 13 to «p 
MHz may be supplied to form the grow discharge. A traipezatuxe for heatiiig a 
substrate is preferably 300 *C or less, more preferably, fiom 100 to 200 
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An energy band width may be controlled to be horn 13 to 2A eV, or from 0^ 
to 1.1 eV by mixing a carbide gas such as CH* or QHe, or a germanimn gas such as 
GeH4 or GeF4 into the silidde gas. 

TTie SAS shows weak n-type electrical conductivity when impurities art 
5 deliberately not doped to control a valency electroiu This arises from the fact that 
oxygen is easily mixed into a semiconductor film since grow discharge at higher 
electricity is carried out than that for forming an amorphous semiconductor: ITiereforc, 
it becomes possible that a threshold value can be controlled by doping p-type impurities 
into the first semiconductor iShn provided with a chapel formation region for a TFT 
10 simultaneously or aft^ the formation of the film. As impurities imparting p-typ^ 
boron can be typically used. An impurity gas of from 1 to 1000 ppm such as BJHie or 
BF3 may be mixed into a silicide gas. In case that boron is used as impurities 
imparting p-type, the boron may have a concentration of from 1 x 1€^^ to 6 x liJ^ 
atoms/cm^. By forming a channel formation region by the foregoing SAS, electron 
15 field-eflfcctmobility offroml tolOcm^/V-seccanbeobtaSiied. 

A crystalline semiconductor film can be obtained in accordance with the 
- following procedure, that is, an amorphous semiconductor film is treated in a solution 
containing catalyst such as nickel; heat crystallization treatment is carried jout at 500 to 
750 ^^C to obtain a crystalline silicon semiconductor film; and laser crystallization is 
20 carried out to improve the crystallimQr* 

The crystalline semiconductor film can *be oblained by forming directly a * 
poly-crystalline semiconductor film by LPCVD 0ow pressure CVD) nsiog a material 
gas of disilane (SiTfh) and fluoride germanium (GeF4). Hie LPCVD is carried out in 
the conditions, but not exclusively, that is, a gas flow ratio of Si2H6/GeF4=2Q/0^9 & film 
25. forming temperature of frotn 400 to 500 ^C, and a carrier gas of He or An 

' An n-type semiconductor film 105 is formed over a semiconductor film. As 
an n-type impurity element, arsenic (Ar) and phosphorus (P) can be used* In case of 
forming an n-type semiconductor film, an n-type (n+) silicon film can be formed by the 
grow discharge decomposition of a mixed gas of SiH4, H2, and PH3 {phosphine) usipg 
30 plasma CVD. Instead of the n-type semiconductor film 105, a semiconductor Wm 
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containing p-type impurity elements such as boroh (B) -can be formed. 

Source electrodes or drain electrodes 106* to 109 are formed by discharging a 
composite containing a second conductive material over the n-type semiconductor film 
105. The second conductive material, a conductive particle structure, a discharge' 
5 condition, a drying condition, a baking condition, or the like can be appropriately 
selected from those explained in the foregoing first conductive mateiiaL Further, the 
first and the second conductive materials and the first and the second particle structures 
may be the same or different (FIG. 3A) 

The denotation of a source region, a* drain region, and an electrode included in 
10 a TFT is changed depending on the polarity of the TFT. In this specification, a souioe 
region, a drain region, and the like are denoted for descriptive purposes. 

Although not shown, pretreatment for improving the adhesiven^ between the 
n-type semiconductor film 105 and the somrce electrode 108, and the adhesiveness 
_ Jbetween_ n-lype semiconductor film 105 and the drain electrode 109 may be 
15 conducted before dischar gin g the composite containing the second con ducfiyc mat^Hf 
over the n-type semiconductor film 105. The pretreatment may be conducted similiDr 
to the way the pretreatment for forming the gate electrode 102. 

Source regions or drain regions 110 to 113 are formed by etching the n-type 
semiconductor film 105 using the source electrodes or the drain electrodes 106 to 109 as 
20 masks.. Here, plasma etching is adopted with an etching gas of a chlorine ^s Such as 
Cl2» BQd, SiCLi, or COU; a fluoride gas such as CF4, SF^ or CEIP3; or O^. 
. However; it is not limited to the conditions. The etching can be carried out by usmg 
atmospheric plasma. In this instance, a mixed gas of CF4 and O2 is preferably used as 
an etching gas. In case that the n-type semiconductor, film 105 and the seroiconductor 
25 film 104 are formed by the 3ame semiconductor, attention needs to be paid to an etching 
• rate and an etching time since the semiconductor fiJni 104 is etched together when the ' . 
n-type semiconductor film 105 is etched. Howevei^ enough mobility as a TFT can be 

obtained even if a part of the semiconductor film 104 is etched in case that a 

• * ■ 

semiconductor film at a channel forming region is formed to have a thickneK of 5 nm 
30 (50A) or more, preferably, 10 nm (100 A) or more, more preferably,. 50 mn <500 A) or 
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more as shown in FIG. 3B. 

Insulating films 114, 115 are formed by droplet dischaiging above the channel 
region of the semiconductor jBlm 104. Since the insulating films 114, 115 serve as a 
channel protective film, a composite of heat resistant rdsin such as siloxane, or a' 
5 substance having etching resistivity and insulating property such as acrylic, 
benzocyclobutene, polyamide, polyimide, benzimidazole, or polj^inyl alcohol is 
selected as a discharged composite. Siloxane and polyimide are preferably used. Tb 
prevent the chaimel region from being overetched, the insulating film 114 and 115 is 
formed to have a thickness of 100 nm or more, preferably 200 nm or moie. (FIG. 3B) 
10 Therefore; although not shown, the insulating films 114 and 115 may be formed into 
like a mound over the source electrodes or the drain electrodes 106 to 109. 

Then, an island-like semiconductor films 116 and 118 are formed by plasma 
etching the semiconductor film 104 using the source electrodes or the dhain electrodes 
106 to 109, and the insulating film 115 as masks. Here, plasma etching is adopted 
15 with an etching gas of a chlorine gas such as CI2, BCI3, SiCU, or CC34; a fluoride gas 
. • such as CF4, SFe, NF3, or CHF3; or O2. However, it is not limited to the conditions. 
Hie etching can be carried out by using atmospheric plasma. In this instance, a mixed 
gas of CP4 and O2 is preferably used as an etching gas. Further, since the insulating 
fihns ll4 and 115 are formed above the channel regions 117 and 119 in the island-like 
20 semiconductor films 116 and 118, the channel region 117 and 119 is not damaged due to 
overetching in the foregoing etching process. Hence, a <^annd protective t^pe TFT 
(channel stopper type) having stable characteristics and hi^ mobflity can be 
manufactured without any resist mask. 

Source wirings or drain wirings 121 to 124 are formed by cHschargmg a 
25 composite containing a third conductive materia] so as to be in contact with the .source 
electrodes or drain electrodes 106 to 109. A wiring 120 is formed simultaneously with 
forming the source wirings or drain wirings 121 to 124. The wiring 120 serves as a 
mask for forming a contact hole of gate-drain, or serves as a wiring of the gate-drain. 
In case that the pixel electrode 126 is formed after forming the gate insulating filmlOS 
30 as shown in FIGS. 3A to 3E, a composite is discharged so that the source wirings or the 
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drain wirings of the drive TFT are connected to the pixel electrode 126. Here, in case 
of forming a light-emitting element by stacking layers sequentially, the pixel electrode 
126 serves as a hole injecting electrode (anode) and the wiring 124 serves as a source 
wiring. On the other hand, in case of forming a light-emitting element by staddng* 
5 layers inversely, the. pixel electrode 126 serves as an electron injecting electrode 
(cathode) and the wiring 124 serves as a drain wiring. 

The pixel electrode 126 may be formed after forming the source wiring or the 
drain wiring as shown in FIG. 8. FIGS. 8A to 8E show the right side diagram is a 
cross-sectional structure at the side of a drive TFT .and the left side diagram is a 

10 cross-sectional structure at the side of a switching TFT. 

The third conductive material, a conductive particle structuie, a discharge 
condition, a drying condition, a baking condition, or the like can be appropriately 
selected from those explained in the foregoing first conductive material Further; tfie 
second and the third conductive materials, and the second and flie third particle 

15 structures may be the same or different. The pixel electrode is preferably formed by 
droplet discharging. As a material for the pixel electrode, a transparent conductive 
film such as TTO, ITSO, ZhO, GZO, I2X), organic indium, or organic tin is preferably 
used. O^G.SC) 

Although not shown^ pretreatment for improving the adhesiveness, with the 
20 bottom layer can be carried out in fom[iing the source wirings or the drain wirings 121 
to 124, and the pixel electrode 126. The pretreatment can be conducted similar to the 
way of the pretreatment for fonning the gate electrode layOT 101 arid 102^ 

A contact hole is formed by etching off the gate insulating film 103 at the side 
- of a switching TFT using the wirings 120, 122 as masks. Plasma etching is carried out 
25 with an etching gas of a chlorine gas such as Qi, BQa, SiCa4» or CCU; a fluoride gas 
such as CF4, SF6, NF3, or CHF3; or O2. However, it is not limited to the conditidn. 
Furth^, the etching can use atmospheric plasma. Thereafiei; a -composite containii^ a 
fourth conductive material is discharged to fill the; contact hole and to form a conductor 
125 for oormecting the gate-drain, la addition, the third conductive material, a 
30 conducdve particle structure, a discharge condition, a drying condition^ a bakmg 
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Condition, or the like can be appropriately selected from those explained m the 
foregomg first conductive material. Further, the third and the fourth conductive 
materials and the third and the fourth particle structures may be the same or different 
(FIG3D) 

5 A partition wall 127 (referred to as an embankment, bank, or the like) formed 

by an or^c resin fihn or an inorg^mc insulating fihn is selectively formed by droplet 
dischar^g ova the pixel electrode 126. As the partition wall, heat resistant resin 
such as siloxane or resin such as polyimide or acrylic is preferably used. Especially, 
by using sfloxane, the subsequent baking process can bp carried out at hi^ temp^tuic 

10 to remove sufBdently moisture that has an adverse affect on an electroluminescent 
element The partition wall 127 is selectively formed to have an opening portion. 
The pixel electrode 126 is exposed by the opening portions. 

Then, a layer containing an organic compound (also referred to as 
electroluminescent layer, hereinafter, "organic compound layCT 128*0 is formed so as to 

15 be in contact with the pixel electrode 126 at an opening of the partition wall 127. The 
organic compound layer 128 may be formed by a single* layer or a laminated-layer. 
For example, the organic compound laycx 128 may have the configuration of a 
laminated-layer in the case of being seen from the side of a semiconductor el^^t <tlic 
side of a pixel electrode): 1) anode\hole injecting layerMiole transporting 

20 layerVight-emitting layer\electron transporting layerXcatiiode, 2) anode/hole injecting 
layerVight-emitting layerXelectroh transporting; layer\cafliodc, 3) anodeMioIe mjectiiig 
layer\hole transporting layerMight-emitting layerNelectron transporting layeiNelectccm 
mjecting layer\cathode, 4) anode\hole injecting layerMiofe transfportii|g 
layer\Ught-emitting layer\hole blocking layer\electron transporting layer\cathode, 5) . 

25 anode\hole injecting layer\hole transporting layerMight-emitting layer\hole blocking 
layerXelectrdn transporting .layer\electron injecting layer\cathodc> or the like. Jn the 
case that the Ught-emitting element is formed to have the foregoing configurations, the 
light-emitting element is formed by stacking layers sequentially. In this instance, tfie 
pixel electrode 126 serves as an anode. On the other hand, in the case that the 

30 light-emitting element is formed to have the configuration in which a cathode is firstly 



■% . 

WO 2005/048223 



wo 2005/048223 PCT/JP2004/016809 

19^ " 

stacked when being seen from the side of a cathode semiconductor elen^nt (the side of 
a pixel electrode), the light-emitting element is formed by stacking layeis inversely. Id 
this instance, the pixel electrode 12 serves as a cathode. 

An electron injecting electrode 129 (cathode) is formed to t^oyer the organic 
5 compound layer 128 in case of forming a Ught-emitting element by stacking layeis 
• sequentially. In case of a Kght-emitting element is formed by stacking layers inversely, 
an anode is formed. The electron injecting electrode 129 can be formed by a known 
material having a small work function such as Ga, AI, CaF, MgAg, Alii, or the like. A 
Ught-emitting element 200 is formed by overlapping the pixel electrode 126 (her^ 

10 anode), the organic compound layer 128, and the electron injecting electrode 129 at the 
opening portion of the partition wall 127. (EKj. 3E) 

Moreover, the light-emitting element is preferably packaged w as not to be 
exposed to the air by an airtight protecting film that is hardly degassed <laminate film, 
ultraviolet curable resin film, or the like) or cover materiaL Here, a passivation film 

15 130 is formed to seal the Ught-emitting element by an opposing substrate 131 (FKj. 3]^. 

As noted above, according to the present invention, after the source regions or 
the drain regions 110 to 113 are formed, the portion serving as a channel region is 
covered by the insulating films 114 and 115 serving as a channel protecting film to fonn 
the island semiconductor filnu Accordingly, a resist mask is not required, and so the 

20 process can be simplified. The present invention provides a novel means for forming a 
semiconductor element by combining a method, wliidi is specific to a channel etch typp, 
for removing a single conductivity semiconductor fihn using a metallic mask of a 
source electrode and a drain electrode to form a source region and a drain region, and a 
method, which is specific to a channel protective type, for forming a channel protective 

25 film to prevent a channel region from removing. A semiconductor element can be 
manufactured by using only a metallic mask of a source electrode and a drain electrode 
w^ithout using any resist mask according to the foregoing stnictme* ^ As a result, the 
process can be simplified, and the costs can be drastically reduced by the saying of 
materials. The manufacture of a hijgh stable semiconductor element that is used far a 

30 light-emitting device can be realized at low costs at high throughput with hi^ yields far 
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a reduced tact time especially in case that a substrate of more than 1 x 1 m or a twice or 
three times as large as that is used* 

For cormecting the gate-drain with each other, a contact hole is formed by 
using a wiring mask, and the contact hole is filled with a conductor. Accordingly, the 
5 gate-dr^in can be connected with each other without a resist mask. 

Since at least a portion provided with a gate electrode layer over a substrate of 
the semiconductor element according to the .present invention is treated with the 
formation of a titanium oxide film or the like, the adhesiveness between a substrate and 
a conductive film formed by droplet discharging such .as a gate electrode layer can be 
10 improved. 

The semiconductor film provided with the insulating film is preferably formed 
to have a thinner thickness than that of another semiconductor 63m to divide surdy the 
n-type impurity region into a source region and a drain region. Further; to obtain 
enough large channel mobility, the semiconductor film of a portion provided with the 
15 insulating film is preferably formed to have a thickness of 5 nm or more, preferably 10 
nm or more. 

In the semiconductor element according to the present invention, the insulating 
films 114 and 115 serving as a charmel protective film is formed over the channel 
regions 117 and 119^ accordingly, the channel regions 117 and 119 are not damaged due 

20 to overetching in etching the semiconductor film 104. Therefine^ the semiconductor 
element has stable characteristics and high mobility. By forming the insulating fihn to 
have a thickness of 100 nm or more,'the function of the insulating film as a channel 
protective film can be smely improved to prevent damages of the channel region. 
Therefore, a stable semiconductor element having high mobility can be obtained. Tb 

25 obtain the foregoing advantages, it is effective that the insulating film can be formed to 
have a two-layered structure composed of the first insulating film and the second 
insulating fTIni^ or a multi-layered structure composed of three or more layers. 

BMEFDESCRnTlON OFTHEDIL^WINOS 
30 FIGS. lA and IB are a top view and a circuit diagram of a pixel portion of a 
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ligjit-emitting device according to the present invention, respective!]^ 

FIGS. 2A and 2B are a top view and a circuit diagram of a pixel portion of. a. 
light-emitting device according to the present invention, respectiveljr; 

FIGS. 3 A to 3E are schematic views for showing a manufacturing process of a' 
5 light-emitting device according to the present inventioi^ 

FIGS. 4A to 4E are schematic views for showing a nianufacturing process of a 
light-emitting device according to the present invention; 

FIGS. 5 A to 5E are schematic views for showing a manufacturing process <rf a 
light-emitting device according to the present invention;. 
10 FIGS. 6A to 6E are schematic views for showing a manufacturing process of a 

light-emitting device according to the present invention; 

FIGS. 7A to 7E are schematic views for showing a manufacturing process of a 
light-emitting device according to the present invention; 

FIGS. 8A to 8E are schematic views for showing a manufacturing process oi a 
15 light-emitting device having a planarized film according to the pr^ent invention; 

FIGS. 9A to 9C are a schematic view for showing a manufacturing process of a 
light-emitting device having a planarized film according to thp present xnventioi^ 

FIGS. lOA to IOC are a schematic View for showing a manu&cturing piooess 
of a light-emitting device having.a planarized film according to the present invention; 
20 FIGS. 11 A to IID are a schematic view for showing a manu&cturing process 

of a li^t-emitting device having a planarized film according to the present inventi<m; 

. FIGS. 12A to 12E are a schematic view for showii^ a manu&cturing process 
of a light-emitting device having a planarized film according to the present invention; 

FIGS. 13A to 13C is a schematic view for showing a manufacturing process of 
25 a ligjit-emitting device having a planarized film according to the present invention; 

FIGS. 14A and 14B is a schematic view for showing a manufacturing process 
of a Iight*emitting device having a planarized film according to the present invention; 

FIGJS. 15A and 15B is a top view of a pixel portion of a li^t-emitting deVioe 
according to the present invention; 
30 FIGS. 16A to 16C are explanatory views for showing a method Cor 



wo 2005/048223 PCT/JP2004/0168a9 

22 

maBufacturing a titamum oxide fihn; 

FIGS, 17A to 17C arc explanatory views for showing a top emission 
Kght-emitting device, a bottom emission light-emitting device, and a dual enussicm 
light-emitting device; 

5 FIGS. ISA to 18D are schematic view for showing a manufacturing process of 

• a semiconductor device according to the present invention; 

FIGS. 19A to 19C are explanatory views for showing examples of an electric 
appliance according to the present inventioi^' 

HO. 20 shows a configuration of a droplet discharging systmaii; 
10 FIGS. 21A and 21B are explanatory views for showing a fonnatian by 

discharging separately even-numbered and odd numbered wirings using a nozzle with a 
pitch of n-times as a pixel pitch according to Embodiment Mo^ 

FIGS. 22A to 22D are explanatory views for showing a formation by 
discharging with a plurality of nozzles having different discharge opening diameten 
IS according to Emibodiment Mpc^ * 

FIGS. 23 A to 23C are explanatory views for showing a formation by 
discharging with a plurality of nozzles having different discharge opening diameters 
according to Embodiment Mo<te; 

FIG. 24 is an explanatory view for showing a formation by disc^arg^g with a 
20 plurality of nozzles having different discharge opening diameters according to 
Embodiment ami 

FIGS. 25A to 25C are explanatory views for showing an opening portion fEUed 

with a conductive material by discharging with a plurality of nozzles having different 

• ■ ■• 

discharge opening diameters according to Embodiment Mode. 

25 

BEST MODE FOR CARRYING OUT TOE INVBm 
[Embodiment 1] 

In Embodiment 1, the case that a substrate is pretreated before fomiing a gate 
electrode layer thereover is nplained. 
30 As the first method, a titanium oxide film 132 can be directly formed ova a 



wo 2005/048223 PCT/JP2004/016809 

*■• 23 

substrate 100 as shown in FIG. 3. The titanium oxide film 132 may be fonned aU over 
the substrate by spin coating, droplet discharging, spraying, sputtering, CVD, or the lifce. 
Thereafter, gate electrode layers 101, 102 are formed over the titanium oxide film 132 
by droplet discharging. Accordingly, the adhesiveness between the substrate 100 and 
5 the gate electrode layers can be improved by interposing the titanium oxide film 132 
therebetweeaL After forming the gate electrode layers, the titanium oxide film 132 at 
the periphery of the gate electrode layers may be lefl or removed by etching. Furthdi 

the etching treatment is preferably carried out at atmospheric pressure. In addition, a 
titanium film may be formed instead of forming the .titanium oxide film- Hen^ the 

10 gate electrode layers are formed by stacking Ag/Cu over the titanium oxide Gbn. 
Alternatively, only Cu may be stadced over the titanium oxide film. 

As the second method, a titanium oxide film can be sele<^vely formed by 
droplet dischai^g. As the droplet discharging, screen printing or ofBset printing can 
be used in addition to ink jetting. Alternatively, sol-gel can be used. Thereaftoi a 

15_- . gate electrode- layer is selec tively fonned by droplet dis^ajgjng .ovtt • a region o f 
forming a titanixrai oxide layer or an inner surface of the titam'um- oxide layec. In 
addition, a titanium fihn may be fonned instead of forming the titanium oxide film. 

As the third method, a titanium film is formed all over a substrate by spin 
coating, droplet dischar^g, spraying, sputtering, CVD, or the like; and a composite 

20 containing a conductive material for forming a ^te electrode layer is selectively formed 
over the titanium fihn by droplet discharging (nG.16A). Then, the composite is diied 
and baked. Sunultaneously, the titanium film 505 is oxidized. Accordinf^, a 
titam'um oxide fihn 506 is formed at the periphery of the composite. Hie titanium 
oxide film is superior m light transmittance. For example, a titanium oxide film Is 

25 effectively utilized in a bottom emission light-emitting device to emit light fiom a 
substrate as shown in FIG. 17B. After forming the titam'um film all over a substrate by 
spin coating, droplet dischar^g, spraying, sputtering, CVD, or the like, the titanium 
oxide film may be fonned by heat treatment before discharging selectively tibe 
composite containing a conductive matCTial for foimii^ a gate decAode laycK 

30 the foregoing first to third methods,' instead of forming the titaidum fihn and 
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the titanium oxide film, so-called a photocatalyst substance can be used such as 
strontium titanate (SrTiOa), cadmium selenide (CdSe), potassium tantalate (KTaQsX 
cadmium sulfide (CdS), zirconium oxide (Zr02), niobium oxide (NbzOs), zinc oxide 
(ZnO), ferric oxide (Fe203), tungsten oxide (WO3), or the like. Alternatively; with* 
5 respect to oxides, substance before being oxidized (Zr^ Nb, Zn, Fe^ W, or the like) can 
be used. 

As the fourth method, the adhesiveness between a substrate and a gate 
electrode layer can be improved by forming polyimide, acrylic, heat lesistant.resin such 
as siloxane, or the like over the substrate. These mat^ials may be foimed all over the 

10 substrate or over a region where the gate electrode layer is formed. In the case of 
forming the materials all over the substrate, a film left at the periph^ of the gate 
electrode layer may be removed by etdiing or ashii^ 

As the fifth method, the adhesiveness can be improved by plasma treatment of 
all over the substrate or the portion where the gate electrode layer is formed. The 

15 plasma treatment is, but not exclusively, carried out tmder atmospheric pressure' 
preferably^ 

[Embodiment 2] 

Li Embodiment 2, a light-emitting device having a semiconductor element wifll 
20 another structure accordi^ig to the present iiiventipn is explained with reference to FIGS* 
4A to 4E (FTG. 4A to 4E show the right side diagram is a cross-sectional structure at the 
side of a drive TFT and the left side diagram is a cross-sectional structure at tte ^de of 
a switching TFT.). The light-emitting device can be manufactured in a manna simflar 
to that explained in the aforementioned Embodiment Mode up to the process of forming 
25 a source region and a drain region using a source electrode and a drain electrode as 
masks, and forming insulating films 114 and 115 above a portion serving as a ch a n nel 
region in a semiconductor film 104 by droplet discharging (FIG. 4B). 

Then, island-like semiconductor films 116 and 118 are formed by etching the 

m 

semiconductor f«lir> 104 using source electrodes or drain electrodes 106 to 109, and the 
30 insulating films 114 and 115 as masks. And then, islandrlike semiconductor films 401 
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and 402 are formed by etching a gate insulating film 103. Both etching are adopted by 
plasma etching with an etching gas of a chlorine gas such as Obt BQs, SiCl4, or CX:i4;a 
fluoride gas such as CF4, SFe, NF3, or CHF3; or O2 are used. However, it is not limited 
thereto. The etching can be carried out by using atmospheric plasma. In this instanofc, 
5 a mixed gas of CF4 and O2 is preferably used as an etching gas. Further; since tte 
insulating films 114 and 115 serving as a channel protective film are formed above the 
channel regions 117 and 119 in the island-like semiconductor films 116 and 118, the 
channel regions 117 and 119 are not damaged due to overetching in the foregoing 
etching process. Hence, a channel protective type TpT (channel stopper type) having 
10 stable characteristics and high mobility can be manufactured without any resist m^dc. 

A composite containing a third conductive material is discharged so as to be in 
contact with the source electrodes ox the drain electrodes 106 to 109 to form souioe 
wirings or drain wirings 121 to 124 (FIG. 4D). Since a gate insulating fihn is not 

15 provided to a contact portion of a gate-drain of a gate electrode layer of a drive TFT, the 
gate and the drain can be connected with each other by a wiring 122 without forming a 
contact hole, and so a process can be simplified. Howeveii a cross section portion 
1612 of a scanmng Une 1606, signal lines 1605 and 1607, a capacity portion 1611, and 
the like are required to be provided with a gate insulating film, accordingly, it is 

20 required to provide a mask thereto in etchmg the gate insulating film. Hie mask is 
preferably formed by droplet discharging of polymiide, acrylic^ siloxane, or the like. 

- Jn case of forming a pixel elecfirode 126 after etching the gate insulating film 
103 as shown in FIG. 4Q a composite is discharged to coimect a sbmce wiring or a 
drain wiring of the driver TFT to the pixel electrode 126. In case that a ligjbt-emitting 

25 element is formed by stacking layers sequentially (see FIG. 1), the pixel electrode 126 
serves as a hole injecting electrode (anode) and the wiring 124 serves as a source wiring. 
On the other hand, in case that a light-emitting element is formed by stacking layers 
inversely (see FIG. 2), the pixel electrode 126 serves as an electron injecting electrode 
(cathode) and the wiring 124 serves as a drain wiring. 

30 The third conductive material, a conductive particle stnictme^ a dischaige 
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condition, a diying condition, a baking condition, or the like can be appropriately 
selected from those explained in the foregoing first conductive materiaL Further; the 
second and the third conductive materials and the second and the third partide 
structures may be the same or dififerenL The pixel electrode is preferably formed by 
5 droplet discharging using a transparent conductive fUm such as ITO, ITSO, ZnO, GZO, 
IZO, oi;^uiic indium, or organic tin. 

Although not shown, pretreatment for improving the adhesiveness with a 
bottom layer'may be carried put in forming the source wirings or the drain wiring? 121 
to 124, and the pixel electrode 126, The pretreatment may be carried out in a mann» 
10 similar to that for forrning the gate electrode laym 101 and 102. 

A light-emitting device can be obtained by forming a light-emitting element 
200 in a manner similar to that explained in the aforementioned Embodiment Mode or 
another Embodiments. • 

15^ [Embodiment 31 

FIG. 5 illustrates a method for forming a contact hole by etching a gate 
insulating film 103 with a mask that can be formed by droplet discharging, for fomiing 
a semiconductor layer 105 or the like, and for forming source wirings or drain wirings 
121 to 124 in order to connect g^te-drain. • FIG. 5A to 5E show the right side diagram 

20 is a cross*sectional structure at the side of a drive TFT and the left side diagram is a 
cross-sectional structure at the side of a switching TFT. A mask 403 is formed hy- 
droplet discharging ot but not exclusively, polyimide, acrylic, sHoxane, or the lite. 
By forming a contact hole preliminarily with the mask 403, the gate-drain can be 
coimected with each other at once in forming the wiring 122 (FIG. SD). A contact 

25 hole may be formed by etching selectively by atmospheric plasnia without using a 

A light-emitting device can be obtained in accordance with another detailed 
process in a manner similar to that explained in Embodiment Mode or another 
Embodimeiits (FIG. 5E). 

30 
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[Embodiments] 

FIG. 6 iUustrates a method for forming a columai-like conductor (also referred 
to as a pillar or plug, hereinafter "piUar 601") that can be formed by droplet discharging 
• to connect a gate to a drain. FIG. 6A to 6E show the right side diagram is a' 
5 cross-sectional structure at the side of a drive TFT and the left side diagram Is a 
cross-sectional structure at the side of a switching ITT. A conductive material 
contained in the pillar 601 may be the same as or different from that of a gate electrode 
layet. In case of being different, for example, the gale dectrode layer may be 
laminated by Ag, and the pillar may be laminated, by Co. Id this instance, the 

10 foregoing pretreatment such as the formation of a titanium oxide fOm is preferaWy 
carried out to prevent the film peelmg of the gate electrode layei; 

In the subsequent process, a gate insulating film 103, a semlconduc^i: film 10^ 
and an n-type semiconductor film 105 are formed over flie pillar 601. Howevci; these 
fihns can be hardly deposited over the pillar 601 since the pillar €01 is formed of 

15 projection. If these layers can be deposited, these layers are formed having fairly 
thinner thicknesses than those formed another region. Therefore, the surface of the 
pillar is exposed by etching the n-type semiconductor film 105 or the semiconductor 
film 104. Fox example, an insulating film over the pillar 601 is removed 
shnultaneously with removing resist, which is formed for the etching, over the pillar 

20 601 by ashing or the like. In case that the gate insulatmg fihn is left, the fihn may be 
selectively etched by atmospheric plasma or the" like. By forming the pillar 601 
preliminarily, a gate-drain can be connected with each other at once in forming the 
wiring 122 (FIG. 6D). Further, a p-type semiconductor Gba can be used instead of the 
n-type semiconductor film 105. 

25 The pillar 601 is preferably formed continuously or mtMmittcntly by using 

nozzle having different discharge opening diameters as will hereinafter be described. 
A Ught-emitting device can be obtained in accordance with another detailed process in a 
manner similar to that explained in Embodiment Mode or another Embodiments QPIQ. 
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[Embodiments] 

FIG. 7 illustrates a method for forming an insulating film 701 (also referred to 
' as an edge cover) that can be formed by droplet discharging in forming source wirii^ 
or drain wirings 121 to 124 in the above mentioned Embodiment Mode or another* 

5 Embodiments. FIG. 7A to 7E show the right side diagram is a cross-sectional 
structure at the side of a drive HT and the left side diagram is a cross-sectional 
structure at the side of a switching TFT. By forming an edge cover, step coverage can 
be unproved and film peeling can be prevented. As the insulating film 701, polyimideir 
acryUc, siloxanc, or the like is preferably formed selectively by droplet discharging. 

10 Fiirther, this Embodiment Mode is especially effective for etching the^te insulating 
film esqplained in Embodiment 2. 

A light-emitting device can be obtamed in accordance with another detailed 
process m a manner similar to that explained in Embodiment Mode or another 
Embodiments (FIG. 7E). In the aforementioned Embodiment Mode m anodier 

15 Embodiments, the pixel electrode 126 may be formed after forming source wirings oar 
drain wirings 121 to 124 as will described with reference to FIG. 8. 

PEmbodiment 6] 

FIGS. 9 to 12 show a niethod for forming a pixel electrode and a light-enaitting 
20 element oyer a planarized fihn provided over a TFT manu£actured according to the 
present inventkm. 

As the first method, as shown in HGS. 9A to ?C (FIGS. 9A to 9C show the 
right side diagram is a cross-sectional structure at the side of a drive TFT and the left 
side diagram is a cross-sectional structure at the side of a switdiing 1 i.), over the in 

25 manufactured according to' the present invention, a planarized fibn 901 fe selectively 
formed by droplet discharging, and a wiring 902, which is connected to source wirii^ 
or drain wirings 121 to 124, is formed by droplet discharging over the region where the 
planarized film is not formed. Further, the wiring 902 in a pixel TFT can also serve as 
a pixel electrode as shown in FIGS. 9A to 9C Of course, a pixel electrode can be 

30 separately formed to connect to the source wuing or the drain wiring. Further; the 
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wiring 902 and the source or the drain electrode 109 can be directly connected without 
forming the source wiring or the drain wiring. The source electrode^ the drain 
electrode, the source wiring, and the drain wiring may be foimed by all the same 
conductive material, or different conductive material. 
5 The method does not use the concept that a contact hole is formed in a 

planarized film. However, it seems that a contact hole is formed in appearance. 
Hence, tie method is referred to as loose contact As the planarized film, an insulating 
film having an organic resin such as acrylic, polyimide and polyamide, ot a Si-O bond 
and a Si-CH, bond, which is formed by orgamc resip such as acrylic; polyimide^ or 

10 polyamide, or a siloxane based materia] as a starting material, is preferably used. 

In case that the pixel electrode is an ITO or an ITSO, light emission efficient 
can be improved by fonning a barrier film 903 by a siKc»n lutride fBi^ 

A light-emitting device can be obtained in accordance with another process in a 
manner similar to that explained in Embodiment Mode or anoth^ Embodiments (FIGS. 

15 9Ato9C). 

As the second method, as shown in FIGS. IDA to 10C(nGS. lOA to IOC arc 
referred to as pillar contact and show the right side diagram is a cross-sectional structure 
at the side of a drive TFT and the left side diagram is a cross-sectional structure at the 
side of a switching TFT), a pillar 601 is formed by droplet discharging oVer a source 

20 electrode or a drain electrode 109 of a TFT manufactured according to the present 
invention. As a conductive material for forming the piUar 6()1, a similar material fm 
forming the foregoing gate electrode layer or the like can be used. A planarized film 
150 is formed over the pillar 601 by droplet discharging or the Uke. As the planarized 
film, an insulating film having an organic resin such as acrylic, polyimide and 

25 polyamide, or a Si-O bond and a Si-CH, band, which is formed by organic resin such as 
acrylic, polyimide, or polyamide, or a siloxane based material as a starting material by 
droplet discharging selectively, is preferably used. 

In the case that a planarized film is formed over the pillar, the surface of the 
planarized film and the pillar is etched by etched back to obtain a pillar having a 

30 planarized surface as shown in a diagram at the centa of FIGS. lOA to IOC A source 
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wiring and a drain wiring for connecting to a source electrode and a drain electrode arc 
formed over the planaiized film by droplet discharging. The source wiring and the 
drain wiring m the pixel TTT can serve as a pixel electrode as shown in a diagrain at the 
bottom of FIGS. lOA to IOC Needless to say, the pixel electrode can be formed 
5 separately to coimect to the source wiring or the drain wiring. Further the source 
electrode, the drain electrode, the pillar 601, the source wiring, and the drain wiring are 
formed by all the same conductive materials or different conductive matMials. TTie 
subsequent process for forming a light-emitting element can be carried out in a manner 
similar to the first method; . . ' 

10 As the third meAod, as shown in HGS. IIA to IID (FIGS. UA to IIC show 

forming a contact using a liquid-shedding organic film, and illustrate the rigjit ^(te 
diagram is a cross-sectional structure at the side of a driye TFT and the 1^ side diagram 
is a cross-sectional structure at the side of a switching TFT), a column-likB insulator 
having liquid-shedding quality with respect to the material of a planarized film 151 

15 (hereinafter, pillar insulator 161) is formed over the source electrode -or the drain 
electrode of the TFT manufactured according to the present mvention by droplet 
discharging and the planarized fihn 151 is formed at the periphery of the pillar insulatOT 
161. As a material for the pillar insulator 161, watCT-soluble organic resin such as 
PVA polyvinyl alcohol) is treated in CF4 plasma, or the like to have Kquid-shedding 

20 quality can be used. As the plaimized film, an insulating film having an o^ganfc lesin 
such as acrylic, polyimide, and polyamide or an insulating film consisting of Si-O bond 
and a Si-CH, band formed by a sOoxane based material as a starting material by droplet 
discharging selectively, is preferably used. After forming the planarized film 151 at 
the periphery of the pillar insulator 161, the pillar insulator 161 <an be easily «moved 

25 by water washing treatment, etching, or the lite. In case of removing by etchii^ an 
anisotropic etching is preferably carried out to prevent a contact hole from bein^ a 
reverse-taper form. Furthtar, since the pillar insulator such as PVA, or the like has an 
insulating property, there will arise no problon even if a part of the pillar insulator is 
left at the sidewall of the contact hote. 

30 Thereaftei^ a source wiring and a drain wirii^ connected to a source electrode 
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and a drain electrode via a contact hole are formed by droplet discharging over the 
planarized film 151. The source wiring or the drain wiring in the pixel TFT can serve 
as a pixel, electrode as shown in a diagram at the bottom of FIGS. IIA to IID. 
Needless to say, the pixel electrode can be formed separately to connect to the source" 
5 wiring or the drain wiring. Further, the source electrode, the drain electrode, the 
source wiring, and the drain wiring are formed by all the same conductive materials or 
different conductive materials. In case that a contact hole is formed to have a 
reverse-taper form due to a removing process of the foregoing pillar 'insulatoii a 
composite containing a conductive material may be st^dced by droplet dischar^g to 
10 fill the contact hole in forming the source wiring and the drain wiring. The silbseguent 
process for forming a Ught-emitting element can be carried out in a manner similar to 
the first method. 

As the fourth method, as shown in FIGS. 12A to 12E (FIGS. 12A to 12E show 
fonning a contact using a liquid-shedding organic film, and illustrate the right side 

15 diagram is a cross-sectional structure at the side of a drive TFT and the left side diagram 
is a cross-sectional structure at the side of a switching TETl), a material having 
liquid-sheddmg quality 162 (hereinafter, liquid-shedding materid 162) with respect to a 
material of a planarized film 151 is formed over a source electrode and a drain electrode 
of a TFT manufactured according to the present invention by droplet discharging, splin 

20 coating, spraying, or the like; a mask 163 is formed by PVA, polyimide» or the like Is 
formed to the region where a contact hole is to be formed; the liquid-shedding material 
162 is removed by using PVA or the like; and a planarized Bhn 151 is formed at the 
periphery of the left liquid-shedding materiaL As a material for Ibrming flic 
liqm'd-shedding material 162, a fluorine silane coupling agent sucb as FAS 

25 (fluoroalkylsilane) or the like can be used. The mask 163 sudi as PVA, polyimide, or 
the like may be selectively formed by droplet discharging. Hie liquid-shedding 
material 162 can be removed by Oa aching or atmospheric pressure plasma. Further; 
the mask 163 formed by PVA can be easily removed by water washings or the mask 163 
fonned by pblyinude can be easDy rmioved Iqr a stripper N3ii)0. 

30 In the state that a part of the hquid-shedding material 162 is left at the region 
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where a contact hole is to be fonned (FIG. 12C), the planarized film 151 is formed by 
droplet discharging, spin coating, or the like. Since the liquid-shedding material 162 is 
partly left at the region where a contact hole is to be formed, the planarized film is not 
formed thereovet Further, the contact hole is not likely to be formed in a reverse-tapcf 

5 shape. As the planarized fihoa, an insulating film having an organic resin such as 
acrylic, polyimide and polyamide, or a Si-O bond and a Si-CHx bond formed by a 
siloxane based matmal as a starting material by droplet discharging selectively is 
preferably used. After forming the planarized fihn 151, the Hquid-shedding materia 
162 is removed by Clashing or atmospheric pressmc . 

10 Thereafl«i a source wiring or a drain wiring 152 connected to a souipe 

electrode or a drain electrode 109 via a contact hole is formed by droplet dischaiging 
over the planarized fflm 151. The source" wiring the dr^ wiring in the pixel TFT 
can serve as a pixel electrode as shown m FIG. 12B. Needless lo say, the pixel 
electrode can be formed separately to connect to the source wiring or the drain wiiiilg. 

15 Further, the source electrode, the drain electrode, and the source wiring, and drain 
wiring ^e formed by all the same conductive materials or different conductive materials* 
: The subsequent process for forming a light-emitting element can be carried out in a 
manner similaT to the first method. 

Iff the foregoing first to fourth methods, not shown in FIGS. 9* to 12, the 

20 adhesiveness may be improved by interposing a TlOx fihn or the like by pretreatment 
between the substrate and the gate electrode layet .' The pretreatment can be carried out 
in case of forming the source wiring, the drain wiring, the pillar, and flie pixel electrode. 
As the pretreatment, the treatment explained in the aforementioned Embodiment Mode 
and Embodiments can be used. 

25 In addition, a passivation film for preventing impurities from disp^ing over 

the TFT is preferably formed over the source electrode and the drain electrode (not 
shown). The passivation fihn can be formed by a silicon nitride, a silicon oxide, a 
silicon nitride oxide, a silicon oxynitride, an aluminum oxynitride; or the other 
insulating materials such as an aluminum oxide, diamond like carbon (DLQ, or carbon 

30 containing nitrogen (CN) by a thin film fomaation method sttdi as plasma CVD, 



wo 2005/048223 PCT/jP2004/016809 

33 

sputtering, or the like. The material may be the same as that used for foiming the 
channel protecting film. Alternatively, these materials can be stacked. Furthei; the 
passivation film can be formed by a composite containing partides that are insulating 
materials by droplet dischiu^ng. 

5 

[Embodiment 7] 

FIGS. 13 and 14 are cross-sectional views of FIGS. 1 and 2 taken ^ong line of 
Z-Z* - X-X* — Y-Y*. In case that a terminal portion is required to be etched to leave a 
insulating jBlni, the terminal portion may be removed in a manner simHai to that 
10 shown in HGS. 3 and 5. Further, a contact hole of a planarized fihn can be formed by 
the method «q>lained in Embodiment 6. 

With respect to the terminal portion, as shown in FIGS. 13A and 13B, a^te 
insulating film is left at the region except a TFT element portion. ITierefore, a contact 
hole is required to be fonned to connect a wiring that is formed simultaneously with 
15 forming a gate electrode laya to an FPC (Flexible Printed Cncuit) 628. The contact 
hole may be formed by a knpwm method. By pasting the FPC 628 and a terminal 
electrode 626 over a wiring with an anisotropic conductive film 627 by a known method, 
the wiring and the FPC 628 can be connected with eadi othet Hie tenninal dectrode 
626 is preferably formed by a transparent conductive film. FVirfliei^ reference numeral 
20 625 denotes sealant for sealing a TFT substrate and an opposii^ substrate. 

[Embodiments] 

In a light emitting device, a capacity portion is fonned to hold a vcdtagB 
between a gate and source of a drive TFT. FIGS. 1 and 2 are top vi?ws in wfaicJi a 
25 planarized Sim is not formed. In case that a light-emitting elemeirt is fonned by 
• stacking layers sequentially (FIG. 1), a capacity .portion 1611 is formed at a gate 
electrode layei^ a g^te insulating film, and a source wiring of a drive TFI^ or at a pixel 
electrode having the same electric potential as those of a gate electrode layer, a g^ 
insulating fOm, and a source wiring of a drive TFT. In case that a light-emittii^ 
30 element is formed by stackmg layers inversely (HG. 2), the capad^ portion 1611 can 
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be fonned at a gate electrode layer, a gate insulating film, and a source wiring of a drive 
TiPT. 

■ On the other hand, FIG. 15 shows a top view in which a planarized film is not 
formed. FIGS. ISA and 15B show the state in which a ligjit-emitting element iS . 
5 fonned by stacking layers sequentially. A capacity portion can be fonned by a gate 
electrode layer, a gate insulating film, and a source wiring of a drive TFT at the place of 
the capadty portion 1611 in FIGS. 15A and ISB. 

[Embpdiment9] • 

10 In Embodiment 9, the case that an insulating film serving as a diannel 

protecting film is formed by stacking two layeis is explained. 

As in the state shown FIG. IB, a source region 112 and a drain region 113 are 
formed by etching an n-type semiconductor Sha lOS using a source electrode 108 and a 
drain electrode 109 as masks (FIG. 18A shows only a cross-sectional sui&ce of a drive 

15 TFT% Then, a silicon nitride film 133 is fonned all over the surface by CVD, 
sputtering, or the like. An insulating film 115 is formed by droplet discharging above 
the re^on that serves as a channel region of a semiconductor film 104 and dvex the 
silicon nitride fihn 133. Since the insulating film 115 does not only serve as a channel 
protecting film but also a mask for removing the silicon nitride fihn 133, the insulating 

20 film 115 is formed by. dischargjng a composite of heat resistant resin such as siloxaiw, 
or a substance having etching resistivity and insulating property such as aoyliQ, 
benzocyclobutene, polyamidc, polyimide, benzimidazole, or polyvinj^ alcohol, ot the 
like. . Siloxane and polyimide are preferably used. Tb prevent the channel region 
from being overetched, the sflicon nitride film 133 and the insulating film 115 aic 

25 preferably formed to have a total thickness of lOO nm or more, more pieUxsSalfy, 200 nm 

or more. (FIG. 18B) 

TTie silicon nitride fihn 133 is etched off by using the insulating film IIS as a 
mask to form the insulatmg fihns 115, 134, each of which serves as a channel protecting 
film. Tlie silicon nitride film is etched by plasma etchmg wifli an etching gas of a 
30 . chloride gas as typified by Cli, BCI3, SiCU, CCI4, or the like, a fluoride gas as typified 
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by CF4, SFe, NF3, CHF3, or the like, or O2. Howevei; the etching gas is not limited 
thereto. The etching treatment can utilize atmospheric presstire plasma. 

The two-layered channel protecting fihn can improve a function as a chamiel 
protecting film, certainly prevent the chaimel region from being damaged, and provide k 
S stable semiconductor element with high mobility. Alternatively, the channel protectii^ 
film may be formed by stacking three or more layers. The bottom layer thereof is not 
limited to a silicon nitride film; an insulating film containing another silicon may be 
used. Such channel protecting film may be formed by selectively stacking a film 
capable of being formed into a film by droplet discharging as the insulating film 115. 

10 A semiconductor film 104 is etched by using the source electrode 108, a drain 

electrode 109, and the insulating fihns 115 and 134 as masks to form an island-like 
semiconductor film 118. The insulating film 115 and 134 is formed over a channel 
region 119 in the island-like seim'conductor film 118. Accordingly, damages due to 
overetching in the foregoing etching process can be prevented. Therefore, a channel 

15 protecting (chaimel stopper) TFT having stable characteristics and hi^ mobility can be 
manufactured without any resist mask. (FIG. ISC) 

A source wiring 123 and a drain wiring 124 are formed by dischargii^ a 
composite containing the third conductive material to be in contact with the souice 
electrode 108 and the drain electrode 109 in a maimer explained in Embodiment Mode. 

20 Further, the source wiring 123 or the dram wiring 124 is connected to a pixel electrocte 
126. Then, a light^emitting element is formed by a layer containmg an organic 
compound or an inorganic compound (typically, a light-emitting elem^ utiliziiig 
electroluminescence). Herice, a thin display such as an active matdz 
electroluminescent display device that can be controlled by a semiconductor element 

25 manufactured by the foregoing process can be obtained. (FIG. 18D) 

pSmbodiment 10] 

hk Embodiment 10, a method for forming a conductive film by combining 
droplet discharging with plating is explained. 
30 Firstly, a composite containing Ag are formed by dioplel discharging. In this 
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instance, in case that a thick wiring is formed in a* comparative narrow line width of 
several to ten several fim, the Ag is required to be discharged over and oven 
Alternatively, the line width can be increased by soaking a* substrate provided with Ag 
in a plating solution containing Cu, or directly discharging the plating solution over the' 

5 substrate* Especially, a composite fonned by droplet discharging has a lot of 
unevenness. Accordingly, the plating can be easily carried out la addition, Qi 
plating results the reduction of costs from the expensiveness of Ag. A conductive 
' material for forming a wiring by a method according to this ^nbodiment Mode is 
limited to the foregoing kinds. 

10 After the Cu plating, the surface of the conductive film having a It 0f 

unevenness is planarized by forming a buffer layer such as NiB or the Kte. Then, « 
g^te insulating film is preferably formed. 

[Embodiment llj 

15 In the foregoing Embodiments, a bottom emission Ught-emitting device sboym 

in FIG, 17B that is manufactured according to the present invention is explained, to 
Embodunent 11, a top emission light-emitting. device shown in FIG. 17A and a dual 
. emission light-emitting device shown in FIG. 17Q each of which is manufactured 
according to the present invention, are explained. 

20 /A dual emission Kght-CTiittmg device is firstly explamod. As a material for a 

hole injecting electrode, a transparent conductive film such as IIO, IPSO, ZhO, l^O, 
GZO, or the like can be used as in the case with the foregoing Embodimenls. Jn xsasc 
of using the ITSO as the pixel electrode 126, a plurality of layeis of llSO containipg 
silicon oxides with different concentrations can be stacked. Preferably, a bottom fISO 

25 layer (at the side of a source wiring or a drain wiring has preferably a lim 
concentration silicon oxide, and a top ITSO layer (at the side of a light-enutting layw) 
has preferably a high concentration silicon oxide. Accordmgly, the connection 
between the pixel electrode 126 and a TFT can be kept in low resistance, ^ 
injection efBciency to an electroluminescent layer can be improved. Of ©oitfse^ the 

30 pixel electrode can be fonned by stacking the other material and the ITSO <for example. 
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an ITO layer and an ITSO layer are sequentially stacked). Alternatively, a lamination 
layer composed of the further other materials may be fonned. 

As an electron injecting electrode 143' (cathode), a thin aluminum film with a 
thickness of 1 to 10 nm. an aluminum film containing traces of li or the like is used to 
5 pass light generated in a ligjit-emitting layer therethrough. Therefore, a dual emission 
• light-emitting device that can emit Ught generated in a light-emitting element fiom both 
of top and bottom surfaces can be obtained. ^G.7C) 

In FIG. 7, reference numeral 141 denotes a partition wall; 142, an drganic 
compound layer; 144, a passivation filJi^ 145, an ppposii^ substrate; and 14<^ a 
10 li^t-emitting element. 

Next, a top emission Ught-emitting device is explained \wth leferencc to PIG. 
7A. In general, a top emission Mght-emitting device can be obtained in which ligjit can 
be emitted from the side that is opposite to a substrate (top direction) according to flie 
procedure: the pixel electrode 126 serving as an anode and an electron injecting 
15 electrode 143 are counterchanged m a bottom emission light-anitting device, and layMS 
containing organic compounds are inversely stacked to reverse the.polarity of a TFT&r 
controlling current (n-type TFT is used). In case that an electrode and laycis 
containing organic compounds are inversely stacked as shown in FIG. 7A, a high stal^ 

light-enutting device can be obtained with improved emission c^Bciem^ and with towr 
70 power consumption by forming tiie pixel electrode 126 to have a lamination strucluie 
composed off light-transmitting oxide conductive layexs provided diffeio^ 
concentrations of silicon oxides. As tiie electron injecting electrode 143, a metalHc 
electrode having light-reflectivity or the like can be used. 

25 (Embodiment 12] 

As an example of an electric appliance using an electroluminescent pand 
manufactured according to the foregoing Embodiment Mode or Embodimeirts, a TV 
reception set, a portable book (electronic book), and a cellular phone shown in FIG. 19 
can be completed. 

30 FIG. 19A shows a TV reception set in which a display module 2002 utilizii«g 
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liquid crystals or electroluminescent elements is biiilt in a housing 2001; and a receiver 
2005 receives general TV broadcasting, and exchanges information onc-directionally (a 
sender to receiver) and bi-directionally (between a sender and a receiver, or betwe^ 
receivers) by connecting to a wireless or a wired commimication network via a modem' 
5 2004. The TV reception set can be operated by switches built in the housing or a 
wireless remote control 2006. The remote control 2006 can be provided with a display 
portion 2007 to display information. 

A sub-screen 2008 manufactured by a second display module supplemented 
with displaying channels or voliunes thereon can be provided to the TV reception set in 

10 addition to a main-screen 2003. The main-screen 2003 may be manufactured by an 
electroluminescent display module having a good viewing ang^e. Hie sub-screen may 
be manufactured by a liquid crystal display module that can display images at low 
power consumption^ To place priority on reducing the power <x)nsumption, the^ 
• main-screen 2003 rnay be manufactured by a liquid crystal display module, and tihe 

15 sub-iscreen may be manufactured by an electroluminescent display module that enables 
the sub-screen to flash. 

FIG. 19B shows a portable book (electronic book) composed of a main body 
3101, display portions 3102 and 3103, a memory medium 31Q4, operation switdhes 
3105, an anteima 3106, and the like. 
• 20 . FIG. 19C shows a cellular phone. Reference numeral 3001 denotes a di^lay 

panel, and 3002 denotes an operation pand. The display panel 3001 and the operatiOB 
panel 3002 are connected v^th each other via a connecting portion 30j93. Hie ang^ 6 
can be. arbitrarily changed at the connecting portion 3003 between a fece provided with 
a display portion 3004 on the display panel 3001 and a fece prb^aded with operaticni 

25 keys 3006 on the operation panel 3002. The cellular phone also comprises a voice 
output portion 3005, operation keys 3006, a power source switch 3007, a voice mpttt 
portion 3008, and an anterma 3009. 

[Embodmieiit 13] 

30 A light-emitting device according to the present invention is preferably fbimed 
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by a droplet dischaxgmg system shown in FIG. 20. Firstly, a circuit design is 
conducted such as a CAD, a CAM, a CAE, or the like, and a desired layout of a thin 
fjlm and an alignment marker is determined by a circuit design tool 800. 

Data 801 of a thin film pattern including a designed layout of a thin film and an 
5 ah-gnment marker is inputted into a computer 802 for controlling a droplet discharging 
device via an information network such as a memory medium, a LAN (Local Area 
Network), or the like. Based on the data 801 of a thin film pattern, a nozzle having a 
• discharge opening with an optimum diametei^ or which is connected to a tank for 
storing the composite including a material for forming the thin fihn, iS selected among 
10 other nozzles (devices for spoutmg out liquids or gasses from a fine-ended opening) of a 
droplet dischar^ng means 803; then, a scanning path (moving path) of the droplet 
discharging means 803 is determined. In case that an optimum nozzle has been 
determined ill advance, only a moving path of the nozzle may be detcamined. 

An ah-gnment marker 817 is formed by photolithography technique or laser 
15 light over a substrate 804 to be provided with the thin film. The substrate provided 
with an alignment marker is put on a stage 816 in the droplet discharging device, and 
the position of the aBgnment marker is detected by a imaging means 805 installed in the 
device, then, it is mputted as position information 807 into a computer 802 via an image 
. processing device 806. The computer 802 verifies the data 801 of the thin fihn pattern 
20 designed by a CAD or the like and the position information 807 obtained by the 
hnaging means 805 to conduct alignment of the substratei 804 and the droplet 

disdiar^g means 803. 

Thereafleii the droplet discharging means 803 controlled by a controller 808 
discharges a composite 818 according to the determined scanning path, and a desfired 

25 thin film pattern 809 is formed. Hie discharge quantity of the composite can be 
appropriately controUed by selecting the diameter of a discharge opening. Howevw; 
the discharge quantity is sKghtly varied by several conditions such as the movmg speed 
of the discharge opening, the distance between the discha:«e opening and the substrate, 
the discharging speed of a composite, the atmosphere <rf the discharging space, ilhe 

30 temperature or the humidity of the discharging space, or the like. Henoe, it is desired 
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to control these conditions. Optimum conditions are piefeiably identified in advance 
by experiments or evaluations, and these results are preferably databased per materials 
of the composite. 

As a thin film pattern data, a circuit diagram or the like of an active matrix TFT 
5 substrate used for a liquid crystal display device, an electroluminescent display device;^ 
or the like can be nominated. A circuit diagram in a circle of FIG. 20 shows a 
schematic view for showing a conducUvc film used for such the active matrix TFT 
substrate. Reference numeral 821 denotes a so-called gate wiring; 822. a somce signrf 
Ime (second wiriaig); 823. a pixel electrode, or a hole injectmg electrode ot an electron 
10 injecting electrode; 820, a substrate; and 824, an aHgnment market Of corase, a thin 
fihn pattern 809 corresponds to the g?te vviring 821 in thin fihn pattern infoimati^ 

Furtheii the droplet dischargmg means 803 has, but not exclusively, an 
integrated combination of nozzles 810, 811. and 812. Each nozzle has a plurality of 
discharge openings 813, 814, and 815. TTie foregomg thin film pattern 809 is formed 

15 by selecting a predetermined disdiarge opening 813 In the nozzle 810. 

The droplet discharging means 803 is preferably provided with a pluraliQr of 
nozzles having different discharge openings, discharge quantity, or nozzle pitches to be 
able to manufacture thin film patterns having various line widths and to improve tact 
time. The distances between the discharge opem'ngs are preferably narrow as much as 

20 possible. Ftohei; a nozzle having a length of 1 m or more is preferably provided to 
conduct high throughput discharging over a substrate hayujg a size of firom 1 x 1 m or 
more, or a tvwce or three times as large as that. The droplet discharging means W 
may be retractile to control freely the distance between the dischar^ openlnfi^ Tb 
obtain high resolution, that is, to depict a smooth pattern, the nozzle or a head may be 

25 leaned. Accordingly, the drawing on a large area such as a rectangular area becomes 
possible. 

Nozzles of the head having different pitches may be provided to one head in 
paralleL In this instance, discharge opening diameters may be the same or different 
In case of the droplet discharging device usii^ a plurality of ncwzles as above 
30 mentioned, it is required that a waiting position for puttii^ away a nozzle not in use is 
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provided. ITie waiting position can be provided with a gas supplying meanis and a 
showerhead to substitute the atmosphere in the waiting position for the atmosph^^ that 
is the same as the gas of a solvent of the composite. Accordingjy, the desiccation can 
be pievented to some extent Moreover, a clean unit or the like that supplies dean air' 
5 to reduce dust in a work place may be provided. 

In case that the distances between discharge opemngs can not be narrowed due 
to the specifications of the nozzle 803, the pitch of a nozzle may be designed to be 
integer multiple of a pixel in a display device. Therefore, as shown in FIG. 21A and- 
21B, a composite can be discharged over the substrate ,804 by shifting the nozzle 803. 

10 Odd numbered lines are drawn in FIG.21A and 21B As the imagmg means 805, a 
camera using a semiconductor element that converts the strong and weak of light to an 
electric signal such as a CCD (charge coupled device) can be used. 

The foregoing method is to scan Uie jBxed substrate 804 on a stage 816 by the 
droplet discharging means 803 along with the determined path in order to form the thin 
. 15 film pattern 809. On the other hand, the thin film pattern 809 may be formed in the 
procedure, that is, the droplet discharging means 803 is fixed, and the stage 809 is 
transported in XYO directions along wdth a path determined by the data 801 of a thin 
fPni pattern. In case that the droplet discharging means 803 has a plurality of nozzles, 
it is required to detenmne a nozzle having a discharge opening with an optimum 

20 diametei; which stores a composite containing a material for forming the thin film or 
wMch is connected to a tank fbr storing the composite. 

Fiirflier, a plurality of nozzles having redundancy inay be used. For example^ 
when the nozzle 812 (or 811) discharges a composite firstly, dischaige conditions may 
be controlled so that the nozzle 810 discharges a compositB simultaneously with iOie 

25 discharge of the nozzle 812 (or 811). Accordmgly, a composite can be discharged 
from the back nozzle 810 despite that the front nozzle has some troubles such as the 
blockage in the discharge openings, and so it becomes possible at leiast to prevent 
wirings from breaking or the like. 

The foregoing method uses only one predetermined dischaige opening of die 

30 nozzle 810 to form the thin film pattern 809. Alternatively, as shown in FIGS. 22 to 



> 
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25, a plurality of nozzles can be used to discharge a composite depending on the line 
width or thidmess of a thin filni to be fonned. 

nCS. 22 and 23 show that, for example, a pixd electrode pattern 244 is 
formed over a substrate 240. Here, a droplet discharging means 241 composed of a 

5 three nozzles 251 to 253 having different sizes of Ri, R2, and R3 (Ri>R2>R3) is used. 
Firstly, a composite 245 is discharged by using the nozzle 251 having a discharge 
opening with a maximum diametet Next, the nozzle 252 having a discharge opening 
with a smaller diameter than that' of the nozzle 251 is used to discharge selectively a 
composite 246 at the portion that cannot be drawn the dischai^B opening with a 

10 maximum diamet^ or- that is provided espedally with unevcamess. Hiereaftei; the 
surfece of the pattern is smoothed as the need arises by selectively discharging a 
composite 247 with the nozzle 253 having a discharge qpening with a mimmnm 
diametet The method can be eflfectivdy used to maniifactnre a comparative 1^ 
conductor such as a pixel electrode. A planarized pattern with no unevenness can be 

15 manufactured by this method. 

FIG. 24 shows the state that a wiring pattern 248 is formed over the substrate 
240. As the droplet discharging means, the foregoing nozzles 251 to 253 are used. 
Smce the quantity of each droplet 261 to 263 discharged ftom these nozzles is difEerent, 
a pattern with different line widths can be easily manufactured as illustrated in FIG. 24. 

20 . no. 25 shows a method for ifoxming, for example, a conductive fihn by 

sequentially disch^^g a composite to fill an* opening porfioa 213. Reference 
numeral 210 denotes a substrate; 211, a semiconductor or a cdnductoi; and 212, an 
insulator. Hie insulator 212 is provided with an opening 213. The con^>osaB & 
discharged by a droplet disdiargmg means comprising a plurality of nobles 2S1 to ^ 

25 arranged in a plurality of lines having disdiarging opening? arranged in uniaslal 
direction at the foregoing each line. The diameter of the opening becomes la^ 
toward the bottom to the top. Hrstly, the bottom portion of the opening 213 is filled 
with a composite by the nozzle 253 having a discharge opening widi a diameter of R». 
Ihen, the opening 213 is iBDed with a composite up to the middle by the nozzle 252 

30 having a discharge opem'ng with a diameter of Ra. And then, the <^)ening 213 is filled 
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With a composite up tp the top by. the nozzle 251 having a discharge opening with a 
diameter of Ri. According to this method, a planarized oonducUve layer can be 
fonned by discharging a composite to fiU the opening. Therefore, the insulator 212 
having an opening with a high aspect ratio can be provided xyith a planarized wiring" 
5 without gomating a void. 

As above mentioned, a droplet discharging system used for forming a thin film 
or a wiriiig comprises an inputting means for inputtmg data for sho^g a thm film 
pattern; a setting means for setting a moving path off a nozzle for discharghig » 
composite contaming a material for forming the thin fihn; an imaging means for 
10 detecting an aligmnent marker formed over a substrate; and a controlling means for 
controlling moving path of the nozzle. Therefore, a nozzle or a moving path of a 
substrate in droplet discharging is required to be accurately controDed. By installing a 
program for controlling conditions of discharging a composite to a computer for 
controlling the droplet discharging system, conditions such as a moving speed of a 
15 subsrrfltP AT «^ ppyvle, discharge qua ntity of a c omp osite, a spout distance, spout speed, a 
discharge atmosphere, discharge temperature, discharge humidity, heating temperature 
for a substrate, and the like can be accurately controlled. 

Accordingly, a thin fihn or a wiring having a deisired width, thickness, and fonn 
can be precisely conducted at a desired portion under a high throughput and a short tact 
20 time. Moreover^ manufecturing yields of a semiconductor element such as a tFT 
manufactured by using the thin fihn or the wiring, a Kght-emitting devioe such as a 
liqm'd crystal display or an organic electiohiminescent display manufactured by usang 
the semiconductor element, an LSI, or the like can be hnproved. Espedally, acoordhig 
to the present invention, a thin fihn or a wiring can be formed at any portion, and a 
25 width, a thickness, and a form of the pattern can be controlled. Hierefore, a laige 
area's semiconductor element substrate having the size of from 1 x 1 m or more, or a 
twice or three times as large as that can be manufactured at low costs in high yields. 
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CLAIMS 



1. A light-emitting device comprising: 

at least a first semiconductor element for switching and a second 
5 semiconductorelementfor driving in one pixel of the light-emitting device; 

each of the first semiconductor element for switching and the second 
semiconductor element for driving element comprising? 

a layer containing titanium or a titanium oxide formed over a 

substrate; 

10 . a gate electrode layer formed over the layer; 

a gate insulating film formed over the gate electrode layer; 
a semiconductor film formed over the g^te insulating film; 
a source electrode and a drain electrode formed over the 

semiconductor film; and 
15 a second insulating film formed above a portion serving as a channel 

region in the seniiconductor filnci; , 

wherein the source electrode or the drain electrode of the first 
semiconductor element for switching is connected to the g^te electrode layer of the 
semiconductor element for driving* 

20 

2. A light-emitting device comprising; 

at least a first semiconductor element for switching and a second 
semiconductor element for driving in one pixel of the light-emitting devioe; 

each of the first semiconductor element for switching and the second 
25 semiconductor element for driving comprising: 

a layer containing titaniiun or a titanium oxide formed over a 

substrate; 

a g^te electrode layer formed over the layeac; 
a gate insulating film formed over the gate electrode laycR 
30 a semiconductor film formed over the gate insulating filnm 
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a source electrode and a drain electrode formed ov« the 

semiconductOT film; and 

. a second insulating fflm formed above a portion serving as a channel 

region in the semiconductor film; 

wherein a column-like conductor is formed above a portion of the gate 
electrode layer of the second semiconductor element for driving, and the souroe 
electrode or the drain electrode of the first semiconductor element for switcWng is 
connected to the column-like conductor via a wiiii^ 

3. A lifiht-emitting device according to Caaim 1. wherein the second insulating 
film has a thickness of 100 nm or more. 

4. A light-emitting device according to aaim 2. wherein the se^d insulating 
fflm hag a thickness of 100 nm or moane. 

5. A Ught-emitting device according to Qaim 1. wherein a thickness of a 
portion of the semiconductor fihn provided with the insulating fiUn is thinner than that 
of another portion of the semiconductor fihn. and the thickness of the portion of the 
semiconductor fihn provided with the insulating fihn is 10 mn or moiB. 

6. A Ught-emitting device acoordmg to Claim 2. wheirfn a thickness cf a 
portion of the semiconductor film provided with the insulating fihn is thinna than that 
of another portion of the semiconductor fihn, and the thidmess of the portion of the 
semiconductor fihn provided with the insulatmg fihn is 10 nm or more. 

7. A light-emitting device according to Qaim l/wherein the second insulath« 
fihn comprises a material selected ftom the group consistmg of pdyimide, acrylic, or a 
material which has a bond of silicon and oxygen, and which indudes at least hydrogMi 
as a substituent, or at least one sdected fiom the group consisting of fluoride, alkyl 
group, and aromatic hydrocarbon as flie substituent. 
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8. A light-emitting deWce according to aaim i wherein the se^^ 

film comprises a material selected from the group consisting of pblyimid^ acrylic, or a 
material which has a bond of silicon and oxygen, and which mdudes at least hydrogpa- 
5 as a substituent. or at least one selected from the group consistmg of fluoride alM 
group, and aromatic hydrocarbon as the substituait. 

9. An electroluminescent television device having the light-emitting deviOD 
according to any one of Claim 1. 

10 

10. An electrolummescent television device having the Hght-emittujg devioe 
according to Qaim 2. 

11. An electroluminescent television device having the light-emitthig devicse 
15 according to Qaim 3. 

12. An electrolummescent television device havhig the light-emitting device 
aooording to Claim 4. 

20 . 13. An electrolununescenl television device havmg the light-emittmg device 

aooording to Claim 5> 

14. A method for manufacturing a light-emittmg device having, at least a fiist 
seiniconductor element for switching and a second semiconductor dement ft» dri^^ 
25 one pixel of the light-emitting device, said method comprismg the stefjsofe 

for formmg the first semiconductor element for switdung and the second 

semiconductor elemoit for drivm^ 

forinmg a gate dectrode layer by discharging a composite containmg a first 

conductive matmal over a substride; • 
30 fonning a gate insulatmgfihn over the g^rfe electrode laya; 
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fonimg a fiist semiconductor film over the gate insiilating film; 

foraiing a second semiconductor film containing an impurity element having a 
conductivity type over the first saniconductor film; 

foiming a source electrode and a drain electrode by discharging a composite 
5 containing a second conductive material over the second semiconductor fihm 

fonning a source region and a drain region by removing a part of the second 
semiconductor film using the source electrode and the drain electrode as a mask; 

fonning a seamd insulating fihn above a portion serving as a diann 

the semiconductor film; . 
10 forming an island-like semiconductor film by removing a part of the 

semiconductor fihn using the source electrode, the drain electrode, and the second 

insulating fifan as a madk; 

wherein a contact hole is formed by removing at least a part of die «ate 

insulating film over the gate electrode layer of the second semiconductor element fiar 
15 drivin© and a wiring for connecting the source electrode or the draun electrode tO die 

gate electrode- layer of the second semiconductor element is formed by discharging a 

composite containing a third conductive material via the contact hole. 

15. A method for manufacturing a Hght-emitting device havii^ at least a first 

20 semiconductor element for switching and a second semiconductor element for drivingin 
(me pixel of the light-emitting device, said method i»mprising the stqw dfi 

for forming the first semiconductor element for switching and the second 
semiconductor element for driving; 

forming a gate electrode layer by discharging a composite containing a first 

. 25 conductive material over a substrate; 

fonning a ^te insulating film over the gate electrode layer; 

forming a first semiconductor film over the gate insulating film; 

forming a second semiconductor fihn contaming an impuriQr element having a 

conductivity type ovK the first semiconductor fifan; 
30 forming a source electrode and a drain electrode by discharging axompCslle 
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containing a second conductive material over the second semiconductor fflm;' 

fonning a source region and a drain region by removing a part of the second 
semiconductor fflm using the source electrode and the drain electrode as a mask; 

forming a second insulating fflm above a portion serving as a channel region id 

the first semiconductor fnm; 

forming an island-Uke semiconductor film and an island-like gate insulatii« 
fflm by removing a part of the first semiconductor film and a part of the gate insulating 
fihn using the sourcei electrode, the drain electrode, and the second insulating fihn as a 
mask;: 

wherein a contact hole is formed by removmg at least a part of the secondgpte 
insulating fihn over the gate electrode layer of the second semiconductor clement; and a 
wiring for connecting the source electrode at the drain electrode to the gate electrode 
layer of the second semiconductor element is formed by discharging a oomposilB 
containing a third conductive material via the contact hoie. 



16. A method for manufacturing a light-emitting device having, at least a first 
semiconductor element for svdtching and a second semiconductor element for driving in 
one pixel of the light-emitting device, said method comprising the steps ofc 

for forming the first semiconductor element for switching and the second 

semiconductor element for driving, 

forming a g&te electrode layer by discharging a composite containing a first 

conductive material over a substrain 

fonning a gate insulating fihn over the g^ite electrode layer; 

fonning a first semiconductor fihn over the gate insulatii^ film; 

fonning a second semiconductor fihn containing an impurity element having a 
conductivity type over the first sanioonductor fihn; 

fonnmg a source electrode and a dram electrode by discharging a composite 
contaming a second conductive material over the second semiconductor fihn; 

fonning a somce region and a drain region by removing a part of the second 
senuconductor fihn using the source electrode and the drain electrode as a ma^ 
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fonning an second insulating film above a portion serving as a channel region 
in the first semiconductor fihn; 

fonning an island-like semiconductor film by removing a part of the first 
semiconductor film using the source electrode, the drain electrode^ and the second 
5 insulating film as a mask; 

wherein a column-like conductor is formed by discharging a composite 
containing a conductive material which is the same or different from the first conductive 
material above a part of a gate electrode layer of the second jsemfconductor elemeM 
before fonning the gate insulating fihn; and a wiring for connecting the souice electrode 
10 or the drain electrode to the column-like conductor is formed by discharging a 
composite containing a third conductive materiaL 

17. A method for manufacturing a light-emitting device having, at least a first 
semiconductor element for switching and a second semiconductor element for driving in 
15 one pixel of the ligjit-emitting device, said method comprising the steps o£ • 

for fonning the first semiconductor element for switching and the second 
semiconductor element for driving, 

forming a gate electrode lay^ by discharging a compo^te containing a first 
conductive materia] over a substrain 
20 . forming a gate insulating film over the gate electrode layoc; 

* forming a first serniconductor film over thegateinsulatmgB^ 

forming a second seimconductor fihn containmg an impurity clement hav^ 

conductivity type over the semiconductor fBin; 

forming a source electrode and a drain electrode by dischaigmg a wmposilc 
25 containing a second conductive material over the second semiconductor Gba; 

forming a source region and a drain region by removing a part of the second 
semiconductor film using the source electrode and the drain electrode as a mask; 

forming a second iiisulating film above a portion servii^ as a chaimel region in 
- • 

the first semicondoctor fibn; 
30 fonnii^ an isIand-Mke semiconductor film and an isIand-IikB ^ie insulafing 
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film by removing a part of the first semiconductor fflm and a part of the gste insulatiiig 
film using the source electrode, the drain electrode, and the insulating film as a mask; 

wherein a column-like conductor is formed by discharging a composite 
containing a conductive material which is the same or different from the first conductive 
5 materia above a part of a gflte electrode layer of the second semiconductor element 
before forming the gate insulating film; and a wiring for coimecting the source electrode 
or the drain electrode to the column-like conductor is formed by discharging a 
composite containing a third conductive material. 

• " • . 

10 18. A method for manufacturing a light-emitting device having, at least a fiist 

semiconductor element for switching and a second semiconductor element for driving in 
one pixel of the light-emitting device, said method comprising the stqps uft 

for forming the first semiconductor element for switching and the second 
semiconductor element for driving 

15 forming a gate electrode layer by discharging a composite containing a fiwt 

conductive material over a substrain 

forming a gate insulating film over thegate electrode layer; 

forming a first sraniconductor filni OVCT the^te insulating fihn; 

forming a second semiconductor fihn contaming an impurity element having a 

20. conductivity type over the semiconductor fibi^ 

forining a somce dectrode and a drain electrode by disdiaiging a con^Kjdte 

cantaimng a second conductive material over the second scmicondnctoiffilB« 

forming a source region and a drain region by removing a part of the second 
semiconductOT film using the source electrode and the drainelectibde as a ma^ 
25 forining a second insulating film above a portion serving as a channel region in 

the first semiconductor filn^ 

forming an island-like semiconductor fihn by removing a part of the first 
• semiconductor film using the source electrode, the drain electrode, and the second 
insulating film as a mask; 
30 wherein a wiring is formed by discharging a composfte containing a tliiid 
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conductive material so as to be in contact with the sources electrode or the dram 
electrode; a contact hole is formed by removing at least a part of the gate insulating fihn 
over a gate electrode layer of the second semiconductor element using the wiring as a 
mask; and a conductor for connecting the wiring to the gate electrode layer of the 
5 second semiconductor element by discharging a composite cont^miiig a fourth 
conductive material over the contact hole. 

19. A method for manufacturing a light-emitting device havmg, at least a first 
semiconductor element for switchmg and a second semiconductor element for driving in 
10 one pixel of the h'ght-emitting device, said method comprising the steps ofi 

for forming the first semiconductor element for switching and the second 
semiconductor element for drivh^ .. 

foiming a gate electrode layer by disdiarging a composite contaming a fiist 
conductive material over a substrata 
15. forming a gate insulating film over the gate electrode layei; 

forming a first semiconductor film over the gate insulatmg film; 

forming a second semiconductor fihn containing an impurity dement having a 

oonductivi^ type ova the semiconductor fifao; 

formmg a source electrode and a dram electrode by discharging a composite 
20 containing a second conductive material over the second semiccmductor fihn; 

formmg a source region and a draui region by removfaig a part of the second 
semiconductor film ushig the source electrode and the drahi electrode as a mask; 

forming a second hisulating fihn above a portion serving as a channel region in 
the first semiconductor fihn; 
25 forming an island-like semiconductor fihn and an island-Uke g?ile insulating 

fihn by removing a part of the firet semiconductor fihn and a part of the gate insulatmg 
fihn usmg the source electrode, the dram electrode, and the second msulalmg fihn as a 
mad; 

whereui a whmg which is in contact with the source electrode or the drain 
30 electrode is formed by dischar^g a composite contaming a third conductive mat^ial 
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so as to be in contact with the source electrode or the drain electrode; a contact hole is 
formed by removing at least a part of the gate insulating fDm over a gate electrode layer 
of the second semiconductor element using the wiring as a mask; and a conductor for 
connecting the wiring to the gate electrode layer of the second semiconductor element 
5 by discharging a composite conlaming a fourth conductive material over the contact 
hole. 

20. A method for manufacturing a light-emitting device according to daim 7. 
wherein the second insulating film comprises a material selected fiom the group 

10 consisting of polyimide, acrylic, or a material which has a bond of siKcon and oxygen, 
and which includes at least hydrogen as a substituent, or at least one selected from the 
group consisting of fluoride, alkyl group, and aromatic hydrocarbon as the substituenL 

21. A method for manufacturing a light-emitting device according to Claim 8, 
15 wherein the second insulating film comprises a material selected from the group 

consisting of polyimide, acryUc, or a material which has a bond of silicon and oxygen, 
and which includes at least hydrogpn as a substituent, or at least one selected fixjm the 
group consisting of fluoride, alkyl group, and aromatic hydrocarbon as the substftueoL 

20 * . 22. A method for manufecturing a ligjit-emitting device according to<aalm 9, 
wherein the second insulating fihn comprises a material sdected from tie. «ronp 
consisting of polyimide, acrylic, or a material which has a bond of silioon and oxygen, 
and which includes at least hydrogen as a substituent, or at least one selected fiom the 
group consisting of fluoride, alkyl group, and aromatic hydrocarbon as the substftuenL 

25 

23. A method for manufacturing a ligbt-emitting device according to aaim 10, 
wherein the second insulating fihn comprises a material selected fiom the fiionp 
consisting of polyimide, aaylic, or a material which has a bond of siliam and oxygen, 
and which includes at least hydrogen as a substituent, or at least one selected fiom the 
30 group consisting of fluoride, alkyl group, and aromatic hydrocarbom as the substitneat 
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24. A method for manufacturing a light-emitting device according to atdm 11, 
whejein the second insulating fihn comprises a material selected fiom the group 
consisting of polyimide, acrylic, or a material which has a bond of silicon and oxygen,' 

5 and which includes at least hydrogen as a substituent, or at least one selected fix>m the 
group consisting of fluoride, alkyl group, and aromatic hydrocarbon as the substituent 

25. A method fox manufacturing a light-emtting device according to GUii^ 
wherein the second insulating Sha comprises a material selected ftom the groi^ 

10 consisting of polyimide, acryKc, or a material which has a bond of silicon and oxygen, 
and which includes at least hydrogen as a substituent, or at least qne selected fitom the 
group consisting of fluoride, alkyl group, and aromatic hydrocarbon as the substituent. 

26. An electroluminescent television device having a light-emitting device 
15 manufactured by the method for manufacturing according to Claim 7. 

27. An electroluminescent television device having a light-emitting device 
manufactured by the method for manufacturing according to Qaim 8. 

20 ■ . 28. An electroluminescent television device having a" light-emitting device 

manufactured by the method for manufecturing according to Glaim 9. 

29. An electroluminescent television device having a ligjit-emitting device 
manufactured by the method for manufacturing according to Caaim 10. 

25 ' • 

30. An dectroluminescent television device having a li^t-anitting device; 
manufiactured by the method for manufacturing acoordii^ to Qaim 11. 

31. An electrolumhiescent television device having a light-emitting device 
30 manufactured by the method for manufacturing according to Claini 12. 



wo 2005/048223 PCT/JP2004/016809 

S4 



32. An electroluminescent television device having a light-emittiirg device 
manufactured by the method for manufacturing according to Qaim 13. 

5 33. Alight-enuttingdevicecompridiig: 

at least a first semiconductor element for switching and a second 
seiiu<X)nductor element for driving in one pixel of the nglit-^niitting dcvio^ 

wherein the first semiconductor element for switchiiTe and the second 
semiconductor dement for driving dement comprisii^. 
10 a layer containing titanium or a titanium oxide formed over a 

substrata 

a gate electrode layer formed over the laycx; 
a gate insulating film formed over the gate electrode layer; 
a semiconductor film formed over the gate insulating film; 
IS a source electrode and a drain electrode formed ov« die 

semiconductor film; and 

a second insulating film formed above a portion serving as a channel 

region in die semiconductor fibiu 

20 , 34. A method for manufacturing a Kght-emitting device having, at leart 

semiconductor element for switching and a second semiconductor dement for driving ia 
one pixel of the lig^it-emitting device, said method comprising flie steps ofc 

for forming the first semiconductor element for switohing airf the second 
semiconductor element for drivii^ 

25 forming a gate electrode layer by discharging a composite containing a fiist 

conductive material over a substrata 

foiixiing a gate insulating film over the gate electrode layeai? 

forxning a semiconductor film over the gate insulating fihn; 

fbrznixig a semiconductor film containing an impuri^ dement havtiig a 

30 conductivity type over the semiconductor film; 
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foimiBg a source electrode and a drain electrode by dischar^ng a composite 
containing a second conductive material over the semiconductor fHm containing a 
single conductivity impurity element; 

fonning a source region and a drain region by removing a part of the 
5 semiconductor iSlm containing a single conductivity impurity element using the source 
electrode and the drain electrode as a mask; 

fonning a second insulating film above a portion serving as a diannel region m 
the semiconductor Sbaoi 

fonning an island-like smdconductor film, by removing a part of tl» 
10 semiconductor film using the source electrode, the drain electrode, and the second 

inRiilaring fniid aS a TPa fl fr r 

35. A method for manufacturing a light-emitting device havii^ at least a fiist 
semiconductor element for switching and a second semiconductor element for dnving in 
15 one pixel of the light-emitting device, said method comprising the steps dfc ' 

— — for fonning the &st semiconductor element for switchii^ and-tihe-second— 

semiconductor element for driviiig; 

fonning a gate electrode layer by discharging a composite containii|g a first 
conductive matoial over a substrain / 
20 . forming a gate insulating fifan over the g^te electrode laya; 

fonning a senoiconductor film over the gate insulating fihi^ 
forming a semiconductor film containii^ an impurity element having a 
conductivity type over the semiconductor fitni; 

forming a source electrode and a drain electrode by dischaigiiig a compc^te 
25 containing a second conductive material over the semicondiK^tor fihn oontainipg in 
impurity element having a conductivity type; 

forming a source region and a drain region by removing a part of the 
semiconductor film containing an impurity element having a condurtivity type using die 
source electrode and die drain electrode as a mask; 
30 forming a second insulating film above a pordon serving as a channel region in 
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the semiconductor film; 

fonning an island-Kkc semiconductor film and an island-like gate insulating 
film by removing a part of the semiconductor film using the source electrode, the drain 
electrode, and the insulating film as a mask. 
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DESCRIPTION OF NUMERALS 
100:Substrate, 101-102:Gate electrode layer, 103:Gate insulating film, 
104:Semic9nductor film, lOSiN-type semiconductor film, 106-lQ9:SouPce or drain 
electrode, 110-113:Soiirce or drain region, 114-115 :lnsulating film, 116Jsland-IilGB 
semiconductor film, 117:Channel region, 118:lsland-like semiconductw film* 
119:Channel region, 120:Wiring, 121-124:Sourcc or drain wiring, 125:Conductor, 
126:Pixcl electrode, 127:Partition wall, 128:Organic compound lay^ 129£Iectron 
injecting electrode, 130:Passivation film, 131:Opposing substrate, 132:'ntanium oxide 
film, 133:Silicon nitride film, 134:Insulating film, l4lJPartition wall, 142:Qrganic 
compound layer; 143:Electron injecting electrode, 144:Passivation film, 145:Opposing 
substrate, 146:IigJit-emitting element, ISOiPlanarized film, ISldPlanarized fihn, 
152:Sourc6 or drain wiring, 161:Pillar insulator, 162:Iiquid-sheddii% material, 
163 J^iask, 200:Iig|it-emitting dement, 210:Substrate, 211:Semiconductor or Conductor 
212:£asulato^ 500:G]ass substrate, 501:Nozzle, 502J^ano paste, 503:ConductQr 
containing metal chains, 504:Film formed by cranio ingredients, 626:Tbrmiiial 
electrode, 627:Anlsotropic conductive film, 628:EPC; 652:'Ibrminal portion, 6S4fix€l 
TFT, 800:Circuit design tool, 801:Data of thin film pattern, 8(XZ:Computei; SOSdmagiog 
means, 806:Image processing device, 807 Josition information of aligmnent maifcci; 
808:Controller, 816:XYe stage, 817LAli^mient marker, 819:Database, 2001:Housing, 
2002:Display module, 2003:Main-screen, 2004Jvlodem, 2005JReceiva; 2006:Wirelcss 
remote control, 2007:Display portion, 2008:Sub-SCTe«ni, 3001J3isplay paiml, 
3002:Pperation panel, 3003:Coimecting portion, 3004:Display portion, 300S:Volcc 
output portion, 3006:Operation key, 3007:Power source switcb, 3008;Voice input 
portion, 3009:Antenna, 3101:Main body, 3102:Display portion, 3103 JMsplay portion, 
3104:Memory mediunii, 3105:pperation switcb, 3106:A^tenna 
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ACTVE MATRIX LIGHT EMITTING DIODE PIXEL STRUCTURE AND METHOD 

This application claims the benefit of U.S. Provisional Application 
5 No. 60/ 044, 174 filed April 23, 1997, which is herein incorporated by 
reference. 

This invention was made with U.S. government support under 
contract number F33615-96-2-1944. The U.S. government has certain 
10 rights in this invention. 

The invention relates to an active matrix light emitting diode pixel 
structure. More particularly, the invention relates to a pixel structure 
that reduces current nontmiformities and threshold voltage variations in 
15 a "drive transistor" of the pixel structure and method of operating said 
active matrix light emitting diode pixel structure. 

BACKGROUND OF THE DISCLOSURE 
Matrix displays are well known in the art, where pixels are 

20 illimiinated using matrix addressing as illustrated in FIG. 1. A typical 
display 100 comprises a plurality of picture or display elements (pixels) 160 
that are arranged in rows and columns. The display incorporates a 
column data generator 110 and a row select generator 120. In operation, 
each row is sequentially activated via row line 130, where the 

25 corresponding pixels are activated using the corresponding column lines 
140. In a passive matrix display, each row of pixels is illuminated 
sequentially one by one, whereas in an active matrix display, each row of 
pixels is first loaded with data sequential]^. 

With the proliferation in the use of portable displays, e.g., in a 

30 laptop computer, various display technologies have been employed, e^., 
liquid crystal display (LCD) and light-emitting diode (LED) display. An 
important distinction between these two technologies is that a LED is an 
emissive device which has power efficiency advantage over non-emissive 
devices such afs (LCD). In a LCD, a fluorescent backlight is on for the 

35 entire duration in which the display is in use, thereby dissipating powder 
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even for "ofT' pixels. In contrast, a LED <or OLED) display only 
illuminates those pixels that are activated, thereby conserving power by 
not having to illuminate "oflP* pixels. 

Although a display that employs an OLED pixel structure -can 
5 reduce power consumption, such pixel structure may exhibit 

nonuniformity in intensity, which is attributable to two sources, threshold 
voltage drift of the drive transistor and transistor nonuniformity due to 
manufacturing. However, it has been observed that the brightness of the 
OLED is proportional to the current passing through the OLED. 
30 Therefore, a need exists in the art for a pixel structure and 

concomitant method that reduces current nontmiformities and threshold 
voltage variations in a "drive transistor** of the pixel structure. 

SUMMARY OF THE INVENTION 
15 In one embodiment of the present invention, a current source is 

incorporated in a LED (OLED) pixel structure that reduces current 
nonuniformities and threshold voltage variations in a **drive transistor" of 
the pixel structure. The current source is coupled to the data line, wh^ne 
a constant current is initially programmed and then captured. 
20 Li an alternate embodiment, the constant current is achieved 

initially applying a reference voltage in an auto-zero phase that 
determines and stores an auto zero voltage. The auto zero voltage 
effectively accounts for the threshold voltage of the drive transistor. Nei^ a 
data voltage which is referenced to the same referen<»e voltage is now 
25 applied to illuminate the pixeL 

In an another alternate embodiment, a resistor is incorporated in a 
LED (OLED) pixel structure to desensitize the dependence of the current 
passing through the OLED to the threshold voltage of the drive transistor. 

aO BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention can be readily understood by 

considering the following detailed description in coz^unction with the 

accompanying drawingSt in which: 

FIG. 1 depicts a block diagram of a mainx addressing interface; 
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FIG. 2 depicts a schematic diagram, of an active matrix LED pixel 
structure of the present invention; 

FIG. 3 depicts a schematic diagram of an alternate embodiment of 
the present active matrix LED pixel structure; 
6 FIG. 4 depicts a schematic diagram of another alternate 

embodiment of the present active matrix LED pixel structure; 

FIG. 5 depicts a block diagram of a system employing a display 
having a plurality of active matrix LED pixel structures of the present 
invention; 

10 FIG. 6 depicts a schematic diagram of an alternate embedment of 

the active matrix LED pixel structure of FIG. 2; and 

FIG. 7 depicts a schematic diagram of an alternate embodiment ti 
an active matrix LED pixel structure of the present invenfion. 

. To facilitate understanding, identical reference numerals have been 
15 usedy where possible, to designate identical elements that are common to 
the figures. 

DETAILED DESCRIPTION 
FIG. 2 depicts a schematic diagram of an active matrix LED pixel 

20 structure 200 of the present inventioxi. In the preferred embodiment^ the 
active matrix LED pixel structure is implemented using thin film 
transistors (TFTs), e.g., transistors manufactured usinff amorphous or 
poly-silicon. Similarly, in the preferred embodiment, the active matxiz 
LED pixel structure incorporates an organic light-emitting diode <OLED). 

25 Although the present pixel structure is implemented using thin film 
transistors and an organic light-emitting diode, it should be understood 
that the present invention can be implemented using other iypes of 
transistors and light emitting diodes. For example, if transistors that are 
manufactured using other materials exhibit the threshold noniuiiformi^ 

90 as discussed above, then the present invention can be employed^ provide 
a constant cxurent throu^ the lighting element. 

Although the present invention is illustrated below as a single pixel 
or pixel structure, it should be understood that the pixel can be employed 
with other pixels, e.g., in an array, to form a display. Furthermcm, 
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although the figures helow illustrate specific transistor configuration, it 
should be understood that the source of a transistor is relative to the 
voltage sign. 

Referring to FIG. 2, pixel structure 200 comprises three PMOS 
5 transistors 240, 250, 260, a NMOS transistor 270, a capacitor 280 and a T.TCn 
(PLED) 290 Gight element). A select line 210 is coupled to the gate of 
transistors 240, 250 and 270. A data line is coupled to the source of 
transistor 250 and a +Vdd line is coupled to the drain of transistor 270. 
One electrode of the OLED 290 is coupled to the drain of transistors 240 and 
10 260. The source of transistor 240 is coupled to the gate of transistor 260 and 
to one terminal of capacitor 280. Finally, the drain of transistor 250, the 
source of transistor 270, the source of transistor 2iB0 and one terminal of 
the capacitor 280 are all coupled togethw. 

The present pixel structure 200 provides a uniform curr^t drive in 
16 the presence of a large threshold voltage (V^) nonuniformity. In other 
words, it is desirable to maintain a uniform current across the OLEID, 
thereby ensuring uniformity in the intensity of the display. 

More specifically, the OLED pixel structure is operated in two 
phases, a load data phase and a continuous illuminating^ phase. 

20 

Load Data PViffffg- 

A pixel structtire 200 can be loaded with data by activating the 
proper select line 210. Namely, when the select line is set to "Low", 
transistor P4 (240) is turned "On", where the voltage on the anode side of 

25 the OLED 290 is transmitted to the gate of the transistor P2<260). 

Concurrently, transistor PI (260) is also turned "ON" so that the constant 
current fi:-om the data line 220 flows through both the transistor P2 1260) 
and the OLED 290. Namely, the transistor 260 must turn on to sink the 
current that is being driven by the current soin-ce 230. The ctnrent source 

30 230 that drives the data line is programmed by external data. The^te to 
source voltage of transistor 260 (drive transistor) will then settle to a 
voltage that is necessary to drive the current. Concurrently, transistor Nl 
(270) is turned "Off, thereby discoimecting the power supply +Voi> from 
the OLED 290. The constant current source 230 will also 6elf-a(^*ttst the 
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source-to-gate voltage to accommodate a fixed overdrive value (voltage) for 
transistor 260 and will compensate the threshold variation on the 
polysilicon TFT 260. The overdrive voltage is representative of the data. In 
turn, the data is properly stored on the storage capacitor Cs 280. This 
5 completes the load or write cycle for the data. 

Continuous niumina tinp Phase: 

When the select line is set "High", hoth transistors of PI £250) and 
P4 (240)are turned "Off' and the transistor Nl (270) is turned "On". 

10 Although the source voltage of the transistor 260 may vary slightly, the 
source- to-gate voltage of the transistor 260 controls the current level 
during the illumination cycle. The Vsg of transistor 270 across the 
capsLcitor 280 cannot change instantaneously. Thus, the gate voltage on 
transistor 260 will track with its source voltage such that the ^ouroe-to- 

15 gate voltage is maintained the same throughput the entire Load and 

niuinination phases. The leakage cmrent of polysilicon TFT and voltc^ 
resolution required for gray scale luminance of OLED will determine the 
size of storage capacitor needed for holding a valid data for a frame time. 
In the preferred embodiment, the capacitor is on the order of 

20 approximately .25 pf. Namely, the capacitor must be large enough to 

account for the current leakage of transistor 260. This completes the pixel 
operation for the illumination phase. 

It should be noted that each data/column line 220 has its own 
25 programmed constant current source 230. During the illumination 

phase, the subsequent programmed current source on the data lines feeds 
through and loads the next rows of all pixels, while the pixels of previous 
rows are operating in the illumination phase for the whole frame time* 
Thus, this pixel structure of FIG. 2 requires only 3 PMOS transistors and 
30 1 NMOS transistor with 2.5 lines, (select line, data line-current source 
and VDD voltage supply which can be shared with adjacent pixels)* 

Alternatively, FIG. 6 illustrates an implementation where the pixel 
structure of FIG. 2 is implemented with all PMOS transistors, wMtdi will 
provide economy for using either PMOS or NMOS processes onl^y. The 
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NMOS transistor Nl is replaced with a PMOS P3 transistor 610. However, 
an additional line (control line) 620 is coupled to the gate of transistor 610 
for addressing the additional PMOS transistor, thereby reqxiiring a total of 
3.5 lines, i.e., an additional voltage supply for controlling the additional 
5 PMOS gate. 

In sum, the pixel structures of FIG. 2 and FIG. 6 are designed to " 
compensate the threshold variation of both poly silicon TFT and the OLED 
by self-adjusting/tracking mechanism on Vsg of transistor 260 and hy 
supplying a constant cxn-rent source through the OLED 290. In fact, the 

10 pixel structures of FIG. 2 and FIG. 6 are able to accomplish proper 
operation during both Lioad and Illumination phases with hard voltage 
supply. These pixel structures can be implemented to design high-quality 
OLED displays with good gray scale uniformity and hi£^ lifetime despite 
instabilities in either the OLED or the pixel polysilicon TFT. 

15 FIG. 3 illustrates an alternate embodiment of the preset active 

matrix pixel structure. In this alternate embodiment, the data line 
voltage is converted into a current within the pixel structure without the 
need of a voltage-to-current converter such as the implementation of a 
current source as discussed above in FIGs. 2 and 6. 

20 Referring to FIG. 3, pixel structvire 300 comprises four PMOS 

transistors (360, 365, 370, 375) , two capadtors 350 and 3SS and a LED 
(OLED) 380. A select line 320 is coupled to the gate of transistor 360. A 
data line 310 is coupled to the som*ce of transistor 360 and a +V2^ line is 
coupled to the source of transistor 365 and one terminal of capacitor 386. 

25 An auto-zero line 330 is coupled to the gate of transistor 370 and an 

illuminate line is coupled to the gate of transistor 375. One electrode of the 
OLED 280 is coupled to the drain of transistor 375. The sovu-ce of transistor 
375 is coupled to the drain of transistors 365 and 370. The drain of 
transistor 360 is coupled to one terminal of capacitor 350. Finally, the gate 

30 of transistor 365, the som-ce of transistor 370, one temiinal of the isapacitor 
350 and one terminal of the capacitor 35S are all coupled together. 

More specifically, FIG. 3 illustrates a pixel structure 300 that is 
operated in three phases: 1) an auto-zero phase, 2) a load data phase and 3) 
an illuminating phase. 
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Auto-Zero; 

When auto-zero line 330 and the illuminate line 340 are set to "Low", 
transistor P2 (375 )and P3 (370) are tvimed "On** and the voltage on the 
5 drain side of transistor PI (365) is transmitted to the gate and is 

temporarily connected as a diode. The data line 310 is set to a "reference * 
voltage" and the select line 320 is set to "Low". The reference voltage can be 
arbitrarily set, but it must be greater than the highest data voltage. 

Next, the illuminate line 340 is set to High", so that transistor P2 

10 375 is turned "OfiF'. The pixel circuit now settles to a threshold of the 

transistor Pi 365 (drive transistor), thereby storing a voltage (an auto-zero 
voltage) that is the difference between the reference voltage on the data line 
and the threshold voltage of the transistor PI 365 on the capacitor 390. 
This sets the gate voltage, or more accurately VsG of transistor 36S to the 

15 threshold voltage of transistor 365. This, in turn, will provide a fixed 
overdrive voltage oh transistor PI (365) regardless of its threshold voltage 
variation. Finally, Auto Zero line 330 is set to *nigh", which isolates the 
gate of transistor PI 365. The purpose of auto-zero is henceforth 
accomplished. 

2D 

Load Datfl Phfl|»- 

At the end of the Auto Zero phase, the select line was set "Low" and 
the data line was at a "reference voltage". Now, the data line 310 is set to a 
data voltage. This data voltage is transmitted through capacitor Cc 350 
25 onto the gate of transistor PI (365). Next, the select line is set "High". 
Thus, the VsG of transistor 365 provides transistor 365 with a fixed 
overdrive voltage for providing a constant cvurent level. This complete 
the load data phase and the pixel is for illumination. 

30 Continuously Tlluminating^ Data Phase During Deselect Row PhMe: 

With the data voltage stored on the gate of transistor Pl<365), the 
illuminate line 340 is set to "Low", thereby turiiing "On" transistor P2 376. 
The current supplied by the transistor PI 365, is allowed to flow thrbu^ 
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the OLED 380. In sum, the transistor 365 behaves like a constant current 
source. This completes the Illumination phase. 

FIG. 4 illustrates another alternate embodiment of the present 
5 active matrix pixel structvire. In this alternate embodiment, the data line 
voltage is also converted into a current within the pixel structure without" 
the need of a voltage-to-current converter such as the implementation of a 
current source as discussed above in FIGs. 2, and 6. 

Referring to FIG. 4, pixel structure 400 comprises three PMOS 
10 transistors (445, 460, 465) , two capacitors 450 and 455 and a LED (OLED) 
470. A select line 420 is coupled to the gate of transistor 445. A data line 
410 is coupled to the source of transistor 445 and a VSWP line is coupled to 
the source of transistor 460 and one terminal of capacitor 466. An auto- 
zero line 430 is coupled to the gate of transistor 46S. One electrode of the 
15 OLED 470 is coupled to the drain of transistors 465 and 460. The drain of 
transistor 445 is coupled to one terminal of capacitor 450. Finally, the gate 
of transistor 460, the source of transistor 465, one terminal of the capacitor 
450 and one terminal of the capacitor 455 are all coupled together. 

More specifically, FIG. 4 illustrates a pixel structure 400 that is also 
20 operated in three phases: 1) an auto-zero phase, 2) a load data phase and S) 
an illuminating phase. 

Auto-Zero ( Bv VSWP ) Phase: 

VSWP (voltage switching supply) is set to a ^ower voltage** by the 

25 amount "AV", where the lower voltage is selected such that the OLED 470 
is trickling a small amount of current tdepending on the OLED 
characteristic, e.g., on the order of nanoamp). The lower voltage is 
coupled through onto the gate of transistor PI (460) VgkPI) without 
dilution due to the floating node between the transistor P4 (445) and Cc 

30 (450) coupling capacitor. When Auto Zero line 430 is then set to *Low*, the 
transistor Pi (460) (drive transistor) is temporarily coimected as a diode by 
closing the transistor P3 (465). The select line 420 is then set to "Low" and 
a "reference voltage" is applied on the data line 410. The reference voltage 
can be arbitrarily set, but it must be greater than the highest data volta^. 
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The pixel circuit is now allowed to settle to the threshold of transistor PI 
460. Finally, Auto Zero line 430 is then set to *TIigh", which isolates the 
gate of transistor PI 460. The effect of this Auto Zero phase is to store on 
the capacitor 450 a voltage (an auto-zero voltage) that represents the 
5 difference hetween the reference voltage on the data line and the transistor 
threshold voltage of PI 460. This completes the auto-zero phase. 

Load Data Pha^g; 

At the end of the Auto Zero phase, the select line was set /^Low*" and 

10 the data line was at a "reference voltage". Next, the data line is then 
switched from a reference voltage to a lower voltage (data voltage) where 
the change in the data is referenced to the data. In turn, the data voltage 
(data input) is load coupled through capacitors 450 and 455 to the gate of 
transistor PI 460. The voltage VSG of the transistor 460 provides the 

15 transistor Pi (460) with a fixed overdrive voltage to drive the current for tbe 
OLED 470. Namely, the data voltage will he translated into an overdrive 
voltage on transistor PI 460. Since the voltage stored on the capacitor 460 
accounts for the threshold voltage of the transistor PI 460, Hie overall 
overdrive voltage is now independent of the threshold voltage of the 

20 transistor PI. The select line 420 is then set "Hi^". This completes the 
load data phase. 

Continuously Illuminate Data During Deselect Row Phase: 

At the completion of the data loading phase, the gate of transistor PI 

S 460 is now isolated except for its capacitive connections^ where the . 

overdrive voltage for driving the OLED is stored on capacitor Cg 455. Next, 
the VSWP is returned to its original higher voltage (illuminate voltage). 
In turn, with VSWP rising, there is now sufiScient voltage to drive the 
OLED for illumination. Namely, when select line 420 is set to ''Higfa", both 

30 transistors P3 (465) and P4 (445) are turned ''Off', and the data voltage is 
kept in storage on VSG of transistor 460 as beTore. This soiurce-to-^ ate 
voltage VSG(Pl) maintained in the same manner throughout the entire 
Illumination phase, which means the current level through the OLED 
will be constant. This completes the Illumination ^^de. 
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in sum, FIG. 3 discloses a pixel structure that uses 4 PMOS 
transistors and 1 coupling capacitor with 3 1/2 lines. ( Auto-Zero line and 
VDDH voltage supply can both be shared). FIG. 4 discloses a pixel 
structure that uses only 3 PMOS transistors and 1 coupling capacitor with 
5 2V2 line. ( VSWP switching power supply could be share with adjacent 
pixel ) Both of these two pixel structures can compensate the threshold 
variation of both polysilicon TFT and OLED by illim^inating and auto-zero 
trickling current mechanism on VSG(Pl). The aforementioned two ( 2 ) 
pixel structures can also be implemented in polysilicon NMOS and in 
ID amorphous NMOS design. 

The two ( 2 ) pixel structiu-es of FIG. 3 and FIG. 4 can be 
implemented to design high-quality OLED with good gray scale uniformity 
and high lifetime despite instabilities in either the OLED or the pixel 
polysilicon TFT. 

16 FIG. 7 depicts a schematic diagram of an active matrix LED pixel 

structure 700 of the present invention. In the preferred embodiment, the 
active matrix LED pixel structure is implemented using thin "fit™ 
transistors (TFTs), e.g., transistors manufactured using poly-silicon or 
amorphous silicon. Similarly, in the preferred embodiment, the active 

20 matrix LED pixel structure incorporates an organic light-emitting diode 
(OLED). Although the present pixel structure is implemented using thin 
film transistors and an organic light-emitting diode, it should be 
understood that the present invention can be implemented using other 
types of transistors and light emitting diodes. 

25 The present pixel structure 700 provides a uniform current drive in 

the presence of a large threshold voltage (V^) nonuniformity. In other 
words, it is desirable to maintain a uniform current through the OLEDe^ 
thereby ensuring uniformity in the intensity of the display. 

Referring to FIG. 7, pixel structure 700 comprises two PMOS 

30 transistors 710 and 720, a capacitor 730, a resistor 750 and a LED tOLED) 
740 Oight element). A select line 770 is coupled to the gate of transistor 710. 
A data line 760 is coupled to the source of transistor 710. One terminal of 
resistor 750 is coupled to the source of transistor 720 and one electrode of 
the OLED 740 is coupled to the drain of transistor 720. Finally, the drain of 
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^ transistor 710, the gate of transistor 720 and one terminal of the capacitor 
730 are all coupled together. 

More specifically, when a row containing a pixel structure is 
selected to be the active row, a logical "high" level on the select line 770 
5 turns on transistor Ml 710, thereby allowing capacitor C 730 to be charged 
to a voltage from the data line 760. After this row is deselected by a 
low" level on the select line 770, which turns transistor Ml off, the voltage 
on the capacitor 730 is stored for the frame time. Since this voltage 
appears on the gate of transistor M2 720, it sets a current through 

10 transistor 720 that also passes through the OLED 740, which is located in 
the drain of the transistor 720. 

More importantly, a resistor 750 is implemented in the present pixel 
structure. The resistor is coupled to the sotirce of transistor 720 and 
sexires as a negative feedback element. If an individual drive transistor 

15 has an unusually low threshold voltage, the transistor tends to pass more 
cmrent to the OLED, but the additional current causes an additional 
voltage drop across the resistor 750, thereby reducing the current. 

A complementaiy eifect occurs with a drive transistor having an 
unusually high threshold voltage. The overall effect is to reduce the 

20 npnuniformity in the current. It has been observed that resistors can be 
generally formed with much better resistance uniformity than the 
threshold voltage imiformity achieved with TFTs. One reason is that TFT 
threshold voltages are vezy sensitive to the trap density in the active silicon 
material, whereas the resistance of the doped layers used in resistors is 

25 much less sensitive to trap density. Measurements have shown that the 
percentage variation of resistance is very small across a polysilicon 
display wafer, and to the extent that resistance does vary, it is eiq>ected to 
be smoothly varying, unlike transistor thresholds. 

The current passing through the OLED 740 determines its 

30 brightness. However, it has been observed that when the pixel is 

implemented using TFTs, the threshold voltages of the TFTs can also vaiy 
over life as discussed above. In addition, there can be jnifjul 
nonuniformities in the TFT threshold voltages. It should be noted that 
such nonuniformity with regard to transistor 710 is not a problem, since 
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its threshold voltage does not have a strong effect on the current that is 
established through the OLED, In contrast, variations in the threshold 
voltage of drive transistor 720 directly affect the current through the 
OLED. 

5 More specifically, the current, Ioled passing through the OLED in 

the present pixel structure can be expressed as: 

^Lffl = yY^V,-\/-/^^/i)* <1) 

10 where K* is the intrinsic transconductance parameter of the transistor 
M2, W and L are its width and length, Vt is its threshold voltage, is the 
voltage &om the data line, and resistor R 750 has a value of IM in the 
preferred embodiment. However, the resistor value may range from lOOK 
to lOM depending on the drive transistor characteristics. It has been 

15 observed that the present pixel structure may reduce the current variation 
to 1/3 of what is possible without the present resistor as discussed below. 

More specifically, it can be shown that with a resistor coupled to the 
source of transistor 720, the normalized sensitivity of the current through 

the diode to threshold voltage variations — - — ^OLED jg. 

^OLED 

2D 

-2A[Vg.Vt + IOLEDR)- X2) 

It is beneficial to increase the gate voltage Vg as much as possible, but 
with the limitation that the transistor 720 must stay in saturation. By 

25 introducing a voltage drop across the resistor dOLED R)f the sensitivity to 
threshold voltage variations can be reduced below what would be 
achievable without a resistor. Ultimately, the term dOLED R) cannot 
become larger than (Vg - Yt), since such result would imply that 
transistor 720 was turned off. Therefore, the maximum reduction in 

30 sensitivity that can be achieved by placing a resistor in the soxirce of 
transistor 720 is a factor of 2. 
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However, placing a resistor in the source peraiits the transistor 720 
width W to be increased, where such increase reduces standard deviation 
of the threshold voltage, Oy^. For a fixed maximum gate voltage, W can be 

- increased, thereby deriving more benefit from the statistical reduction in 
6 ay^. Thus, by putting a resistor in the source of the transistor 720, a 

reduction in current variation can be achieved through the combined 

effect of (1) reducing the sensitivity to threshold variations ^ ^OLED 

^OLED 

(limited to a theoretical maximimi benefit of 2X, or 50% reduction), and (2) 
reducing the threshold variation Oy^ itself (no limit except for geometrical 

10 and capacitance constraints). 

FIG* 5 illuistrates a block diagram of a system 500 employing a 
display 520 having a plurality of active matrix LED pixel structures 200, 
300, 400, 600 or 700 of the present invention. The system 600 comprises a 
display controller 510 and a display 520. 

15 More specifically, the display controller can be implemented as a 

general purpose computer having a central processing unit CPU 512, a 
memory 514 and a plurality of I/O devices 416 (e.g., a mouse, a keyboard^ 
storage devices, e.g., magnetic and optical drives, a modem and the like). 
Software instructions for activating the display 520 can be loaded into the 

20 memory 514 and executed by the CPU 512. 

The display 520 comprises a pixel interface 522 and a plurality of 
pixels (pixel structures 200, 300, 400, 600 or 700). The pixel interface 522 
contains the necessary circuitry to drive the pixels 200, 300, 400, 600 or 700. 
For example, the pixel interface 522 can be a matrix addressing interface 

25 as illustrated in FIG. 1. 

Thus, the system 500 can be implemented as a laptop computer. 
Alternatively, the display controller 510 can be implemented in other 
manners such as a microcontroller or application specific integrated 
circuit (ASIC) or a combination of hardware and software instructions. 

30 In sum, the system 500 can be implemented within a larger system that 
incorporates a display of the present invention. 

Although the present invention is described using PMOS 
transistors, it should be understood that the present invention can be 
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imiplemented using NMOS transistors, where the relevant voltages are 
reversed. Namely, the OLED is now coupled to the source of the NMOS 
drive transistor. By flipping the OLED, the cathode of the OLED should be 
made with a transparent material. 

Although various embodiments which incorporate the teachings of 
the present invention have been shown and described in detail herein, 
those skilled in the art can readily devise many other varied embodiments 
that still incorporate these teachings. 
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What is claimed is: 

1. A display (520) comprising a plurality of pixels, each pixel <200) 
comprising: 

6 a first transistor (250) having a gate, a source and a drain, where 

said gate is coupled to a select line (210), where said source is coupled to a ' 
data line (220); 

a second transistor (270) having a gate, a source and a drain, where 
said gate of said second transistor is coupled to said select line, where scdd 
10 drain of said second transistor is coupled to a line (295), where said 
source of said second transistor is coupled to said drain of said first 
transistor; 

a third transistor (240) having a gate, a source and a drains where 
said gate of said third transistor is coupled to said select line; 
15 a capacitor (280) having a first terminal and a second terminal, 

where said soiurce of said third transistor is coupled to said first terminid 
of said capacitor, where said second terminal of said capacitor is coupled 
to said drain of said first transistor; 

a foturth transistor (260) having a gate, a source and a drain, where 
20 said soxnrce of said fotuih transistor is coupled to said drain of said firat 
transistor, where said gate of said fourth transistor is coupled said source 
of said third transistoi^ and 

a light element (290) having two terminals, where said drain of sud 
fourth transistor and said drain of said third transistor are coupled to one 
25 of said terminal of said light element. 

2. The display of claim 1, fiirther comprising: 

a ciirrent source (230) for coupling to said data line. 

SO 3. A display (520) comprising a plurality of pixels, each pixel (600) 
comprising: 

a first transistor (250) having a gate, a source and a drain, where 
said gate is coupled to a select line (210), where said source is coui^ed to a 
data line (220); 
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a second transistor (610) having a gate, a source and a drain, where 
said gate of said second transistor is coupled to a control line (620), where 
said source of said second transistor is coupled to a line (295), where 
said drain of said second transistor is coupled to said drain of said .first 
5 transistor; 

a third transistor (240) having a gate, a source and a drain^ where 
said gate of said third transistor is coupled to said select line; 

a capacitor (280) having a first terminal and a second terminal, 
where said source of said third transistor is coupled to said first terminal 
10 of said capacitor, where said second terminal of said capacitor is coupled 
to said drain of said first transistor^ 

a fourth trainsistor (260) having a gate, a source and k drsin, wherd 
said source of said fourth transistor is coupled to said drain of said first 
transistor, where said gate of said fourth transistor is coupled said source 
15 of said third transistox^ and 

a light element (290) having two terminals, where said drain of said 
fourth transistor and said drain of said third transistor are coupled to one 
of said terminal of said light element. 

20 4, A method of illuminating a display having a plurality of pixels, 
where each pixel contains a circuit for controlling application of energy to 
a light element, where said circuit comprises a drive transistor, said 
method comprising the steps of: 

(a) loading data onto said pixel by applying a current on a data fine, 

25 (b) storing said data on a capacitor that is coupled to the drive 

transistor; and 

(c) illmninating said light element in accordance with said stored 

data. 

30 5. The method of claim 4, wherein said current is provided by a 
current source. 

6. A display (520) comprising a plurality of pixels, each pixel <300) 
comprising: 
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a first transistor (360) having a gate, a source and a drain, where 
said gate is coupled to a select line (320), where said source is coupled to a 
data line (310); 

a first capacitor (350) having a first terminal and a second terminal, 
where said drain of said first transistor is coupled to said first terminal of 
said first capadtoz; 

a second transistor (365) having a gate, a source and a drain, where 
said source of said second transistor is coupled to a Vp,, line <390), where 
said gate of said second transistor is coupled to said second terminal of 
said first capacitor; 

a second capacitor (355) having a first terminal and a second 
terminal, where said gate of said second transistor is coupled to said first 
terminal of said second capacitor, where said source of said second 
transistor is coupled to said second tendinal of said second capacitor; 

a third transistor (370) having a gate, a soiuxe and a drain, where 
said gate of said third transistor is coupled to an auto-zero line <330), 
where said source of said third transistor is coupled to said gate of S£dd 
second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistor; 

a fourth transistor <375) having a gate, a source and a drain, where 
said gate of said foiu-th transistor is coupled to an illuminate line <34Q)y 
where said source of said fourth transistor is coupled to said drain of said 
third transistor; and 

a light element (380) having two terminals, where said drain of said 
fourth transistor is coupled to one of said terminal of said light element. 

7. A display (520) comprising a plurality of pixels, each pixel (400) 
comprisinsf: 

a first transistor (445) having a gate, a source and a drain, where 
said gate is coupled to a select line (420), where said source is coupled to a 
data line (410); 

a first capacitor (450) having a first terminal and a second terminal, 
where said drain of said first transistor is coupled to said^rst terminal of 
said first capacitor 
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a second transistor (460) having a gate, a source and a drain, where 
said source of said second transistor is coupled to a VSWP line (440), 
where said gate of said second transistor is coupled to said second 
terminal of said first capacitor; 
5 a second capacitor (455) having a first terminal and a second 

terminal, where said gate of said second transistor is coupled to said first' 
terminal of said second capacitor, where said source of said second 
transistor is coupled to said second terminal of said second capacitor; 

a third transistor (465) having a gate, a source and a drain, where 
10 said gate of said third transistor is coupled to an auto-zero line (430), 
where said source of said third transistor is coupled to said gate of said 
second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistoi^ and 

a light element (470) having two terminals, where said drain of said 
15 second transistor is coupled to one of said terminal of said light element. 

8. A method of illuminating a display having a plurality of pixels, 
where each pixel contains ai circuit for controlling application of energy to 
a light element, where said circuit comprises a drive transistor, said 
20 method comprising the steps o£ . 

(a) determining an auto zero voltage for the drive transistor by 
applying a reference voltage on a data line; 

(b) loading data onto the pixel by switching said reference voltage to 
a data voltage on said data line, 

25 (c) storing said data on a capacitor that is coupled to the drive 

transistor; and 

(d) illuminating said light element in accordance with said stored 

data. 

30 9. A circmt (300) for driving a light element hiaving two terminals, 
said circuit comprising: 

a first transistor (360) having a gate, a source and a drain, where 
said gate is for coupling to a select line (320), where said source is for 
coupling to a data line (310); 
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a first capacitor (350) having a first tenninal and a second terminal, 
where said drain of said first transistor is coupled to said first terminal of 
said first capacitor; 

a second transistor (365) having a gate, a source and a drain, where 
5 said source of said second transistor is for coupling to a liiie (390), 
where said gate of said second transistor is coupled to said second 
terminal of said first capacitor; 

a second capacitor (355) having a first terminal and a second 
terminal, where said gate of said second transistor is coupled to said first 
10 terminal of said second capacitor, where said source of said second 
transistor is coupled to said second terminal of said second capacitoi^ 

a third transistor (370) having a gate, a source and a drain, where 
said gate of said third transistor is for coupling to an auto-zero line (330), 
where said source of said third transistor is coupled to said gate of said 
16 second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistor; and 

a fourth transistor (375) having a gate, a source and a drain, where 
said gate of said fourth transistor is for coupling to an illuminate line 
(340), where said soiu*ce of said fourth transistor is coupled to said drain of 
20 said third transistor, where said drain of said fourth transistor is for 
coupling to the li^t elem«it. 

10. A system (500) comprising: 

a display controller (510); and 
25 a display (520), coupled to said display controller, where said display 

comprises a plurality of pixels, where each pixel (300) comprises: 

a first transistor (360) having a gate, a source and a drain, 
where said gate is coupled to a select line (320), where said soiuxe is 
coupled to a data line (310); 
90 a first capacitor (350) having a first terminal and a second 

terminal, where said drain of said first transistor is coupled to said 
first terminal of said first capacitor; 

a second transistor (365) having a gate, a soxu*ce and a drain, 
where said isource of said second transistor is coupled to a line 
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(390) , where said gate of said second transistor is coupledi to said 
second terminal of said first capacitor; 

a second capacitor (355) having a first terminal and a second 
terminal, where said gate of said second transistor is coupled to 
6 said first terminal of said second capacitor, where said source of 

said second transistor is coupled to said second terminal of said 
second capacitor; 

a third transistor (370) having a gate, a source and a drain, 
where said gate of said third transistor is coupled an auto-zero line 
10 (330) , where said source of said third transistor is coupled to said 

gate of said second transistor, where said drain of said third 
transistor is coupled to said draiia of said second transistor; 

a fotirth transistor (375) having a gate, a source and a drain, 
where said gate of said fourth transistor is coupled to an illuminate . 
15 line (340), v^here said source of said fourth transistor is coupled to 

said drain of said third transistor; iand 

a light ielement (380) having two terminals, where said drain 
of said fourth transistor is coupled to one of said terminal of said 
light element. 

20 

11. A display (520) comprising a plurality of pixels, eadi pixel (700) 
comprising: 

a first transistor (710) having a gate, a source and a drain, where 
said gate is coupled to a select line (770) , where said source is coupled to a 
25 data line (760); 

a second transistor (720) having a gate, a source and a drain, where 
said drain of said first transistor is coupled to said gate of said second 
transistor; 

a resistor (750) having two terminals, where said source of said 
30 second tremsistor is coupled to one of said terminal of said resistoi^ and 

a light element (740) having two terminals, where said drain of isaid 
second transistor is coupled to one pf said terminal of said light element. 
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